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PREFACE. 



This work is issued in continuation of the series of 
Handbooks written by the Author, viz., *' The Works' 
Manager's Handbook," and **The Practical Engineer's 
Handbook," which are much appreciated by engineers for 
the practical nature of their information. It is, therefore, 
written in the same style as the works which it is intended 
to supplement. 

In the present volume, the Author has endeavoured to 
present in a concise, condensed, and readily accessible 
form, the latest and most useful information on steam- 
boilers, comprising the results of numerous investigations 
and researches in this particular branch of engineering. 

Much useful information is given on heat ; combustion ; 
the composition, calorific power, and evaporative power, *^ 
of fuels ; chimneys for steam-boilers ; evaporation ; the 
properties of steam ; and the transmission of heat. 

Numerous rules and data are given for riveted-joints ; 
(umace-tubes ; heating-surfaces; fire-grates; and for the 
water-capacity, steam-capacity, efficiency, and power of 
steam-boilers. 

Many different kinds of steam-boilers are described and 
illustrated ; and rules and data are given by which nearly 
every kind of steam-boiler may be readily proportioned. 

Steam-pipes ; the flow of steam ; fittings of steam- 
boilers ; incrustation ; corrosion ; feed-water-heating ; 



r (^ V \ :i "N Tf'j 



VI PREFACE. 

feed-water-heaters ; evaporators ; inspecting and testing 
steam-boilers ; are fully treated. 

The usual method of conducting the evaporative test of 
a steam-boiler is described ; and the results are given of a 
number of evaporative tests of steam-boilers of different 
types. 

The principal causes of the explosions of steam-boilers 
are explained ; and particulars are given of a number of 
boiler-explosions. 

The Author believes that the concentration, in a con- 
venient form for easy reference, of such a large amount of 
thoroughly practical information on steam-boilers, will 
be of considerable service to those for whom it is in- 
tended, and he trusts the book may be deemed worthy 
of as favourable a reception as has been accorded to its 
predecessors. 

W. S- HUTTON. 

103, Sunderland Road, 

Forest Hill, London, S.E., 

yuMi, 1891. 
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4 STEAM-BOILER CONSTRUCTION. 

heat, must be reckoned from a point at which heat does not exist. This 
point is 461° below zero of Fahrenheit scale. It is the absolute zero of 
temperature, and temperatures reckoned from it are called absolute tem- 
peratures. When heat is applied to a substance it is absorbed and stored 
partly as sensible heat, which can be measured by a thermometer, and 
partly as latent heat, of which the thermometer gives no indication of its 
existence. 

Quantity of Seat is the measure of the energy of molecular motion. 
Quantities of heat are measured by a standard unit. The British thermal 
unit is the quantity of heat required to raise one pound of water one degree 
Fahrenheit, that is, from 32° to 33° Fahr. 

Dr. Joule found that the quantity of heat necessary to increase the tempe- 
rature of water by one degree, requires for its production the expenditure of 
a force measured by the fall of 772 pounds from a height of one foot. 
Heat-energy and mechanical energy are mutually convertible, therefore the 
heat applied and the work done are measured by the same unit. A British 
unit of heat is equal to 'j']! pounds raised one foot high, and 772 units of 
work are equivalent to one unit of heat. 

Heat, as a quantity, is independent of temperature, because the same 
quantity of heat produces different temperatures in different substances. 
These variations are denoted by the term specific heat. 

The Specific Seat of a body is its capacity for heat, or the quantity of 
heat-units required to raise the temperature of one pound of the body one 
degree Fahr., compared w4th that required to raise an equal weight of water 
one degree. For instance, the quantity of heat necessary to raise the tem- 
perature of a pound of charcoal one degree, is only about one-fourth of that 
required to raise one pound of water one degree. 

As water has a higher specific heat than any known solid, and than 
nearly all liquids, it is taken as the standard of comparison of specific heat. 
The specific heat of all metals is very low. 

The specific heats of solid and liquid bodies are nearly constant for 
temperatures up to 212° Fahr., but above this point the specific heat in- 
creases as the temperature rises. The specific heat of a solid increases very 
rapidly as its temperature approaches the melting point. 

It is sufficiently accurate for most practical purposes to consider specific 
heat to be constant at constant pressure, and the quantity of heat required to 
heat various substances may be found from Table i. 

As an example of the use of Table i, to heat a plate of mild steel 
weighing 100 pounds to a temperature of 367° Fahr., requires loolbs. x 
367° X '1158, specific heat = 4,250 units of heat. To heat the same weight 
of water requires lOolbs. x 367° = 36,700, or nearly nine times as much 
heat as that required for the steel. 

Seat is conTcrted into mechaiiioal work through the agency of 
some body which is expanded by heat, such as air or water. Heat cannot enter 
and leave a body without a certain loss, because more heat is required to give 
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elasticity to matter than is converted into work by elasticity. The conver- 
sion of heat into work is always accompanied by a fall of temperature, and the 
proportion of work obtainable from heat depends upon the ratio which the fall 
of temperature in the working substance bears to the original absolute tempe- 
rature. Hence, the greater the working-range of temperature the greater 
the efficiency. 

Table i. — Specific Heat of Solids and Gases, being the quantity 
OF Heat in British Thermal Units required to raise the 
Temperature of the Body One Degree Fahrenheit. 



Metals. 




Coal, when heated to a 
dull cherry-red, or a 


I 

I 


Water at 32° Fahr. = 


I -0000 


temperature of 1470^ 


> 


Cast-iron, white 


. -1298 


Fahr. ... 


•4187 


Cast-iron, grey . 


•1216 






Cast-steel, hard 


•1185 


Gases. 




Cast-steel, soft . 


. -1166 






Llild-steel 


•1158 


Water at 32° Fahr. = 


I -0000 


Wrought-iron 
Copper . 


•1146 
. -0965 


Sulphurous acid. . . 
Carbonic acid 
Oxygen 


•1553 
•2164 


Gun-metal. 


•0952 


•2182 


Brass 


. -0940 


Atmospheric air 


•2380 




Sulphuretted hydrogen , 


•2424 






Nitrogen 


•2440 


Fuels. 




Carbonic oxide . . . 
Products of combustion 


•2460 


Pine-wood . 


•6510 


of coal at a temperature 




Oak, English . 


•5709 


of 570° Fahr. 


•2650 


Carbon 


•2500 


defiant gas . . . 


•3^94 


Charcoal 


•2415 


Vapour of benzine . 


•3754 


Coal, averages . 


•2412 


Steam . . . . 


•4810 


Anthracite 


•2017 


Ammoniacal vapour 


•5080 


Coke. 


•2000 


Carburetted hydrogen. 




Ashes of coal . 


•1920 


or marsh-gas . . . 


•5929 


Clinker of coal . 


•1674 


Hydrogen 


3*4046 



The maximum quantity of heat theoretically capable of being transmuted 
to motion is expressed by the following formula : — 

T — / 
Available heat = ry. 



In which T represents the highest absolute temperature, and / the lowest 

absolute temperature. 

The mechanical equivalent of the available heat is expressed by the 

iollowing formula : — 

T — / 
Mechanical energy of heat =772 —rf— 



6 STEAM-BOILER CONSTRUCTION. 

The greater the fall of temperature during the working of a heat-engine 
the greater the proportion of the work obtained. 

The proportion of the work in the case of a steam-engine depends upon 
the initial and final temperatures of the steam in the cylinder. 

The function of a steam-exi^lne is to convert the heat of the steam into 
work, and the function of a steam-boiler is to convert the heat-energy 
contained in the fuel into the heat-energy resident in the steam. 
, A steam-boiler is, therefore, a means of adapting the calorific effect of 
fuel into useful work, and it may be considered to be a heat-engine. If the 
specific heat^of the products of combustion be assumed to be constant, the 
efiSciency of a steam-boiler may be calculated approximately by the fore- 
going rule. In which T is to be taken as representing the absolute tempe- 
rature of the furnace, and / that of the products of combustion on escaping 
from the boiler. 

For instance, if the absolute temperature of the furnace of a steam-boiler 
be = 3120^ Fahr., and that of the products of combustion on leaving the 
boiler =: 1020^ Fahr., then the proportion of heat available for work is 
approximately = 



3120 — 1020 
3726^ 



= •67. 



That is, the heat utilized is 67 per cent, of the heat supplied, the maxi- 
mum efficiency^theoretically possible with this range of temperature. 

The mechanical equivalent of the heat supplied is 772 units of work, and 
the mechanical ^equivalent of the available heat is = 

772 X ^'^^ "" n^^^ =518 units of work, or foot-pounds. 
3120° "^ 

The efficiency of a boiler obtained by the above rule is only approximately 
correct. The efficiency of a steam-boiler is represented more correctly bj 
the following expression : — 

. £ K -1 _ Units of heat absorbed by the water in the boiler . 

Efficiency of boiler - ^^^.^ ^^ j^^^^ developed by combustion of the fuel. 

The previous rule is, however, sufficiently accurate for most practical 
purposes. 

Seat is traasferrad from one body to another in three ways: — ^By 
right lines, called radiation; by direct contact, called conduction; by 
carrying, called convection. The quantity of heat transferred by these 
processes depends upon the difference of temperature between the hot and 
the cold body, and the extent and nature of the bodies. 

Racllfttlon of Seat is the direct transfer of heat across an intervening 
space, from one body to another. The rays of heat travel in straight lines 
through a uniform medium, and traverse the space between the bodies with 
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rerj great rapidity. As radiant heat only travels in straight lines like light, 
it cannot turn round a comer, or pass round an obstacle. 

Radiant heat traverses air without raising its temperature, and will pass 
through gases without warming them, in the same manner as the rays of 
the sun pass through atmospheric air without heating it. The heating effect 
of radiant heat is inversely as the square of the distance from the hot body. 
For instance, if at any given distance a certain effect is produced, at twice 
that distance the effect will only be one-fourth. 

Lampblack and finely powdered charcoal are good radiators and good 
absorbers and receivers of heat. Hence, surfaces intended to receive, give 
up, or radiate heat, should be coated with dull black. 

The black-coloured, or carbonaceous, portion of the gases produced by 
combustion, radiate heat much more efficiently than the light, or yellow, 
coloured portion. Dry air neither absorbs nor radiates heat. Dry trans- 
parent gases radiate no heat. Water and saturated steam are good radiators 
and good absorbers of heat. 

The radiating powers of substances vary considerably, as will be seen 
from Table 2. 



Table 2. — Relativs Radiating and Absorbino Powers of 
VARIOUS Materials. 



Lampblack . 


. 100 


Tarnished zinc . 


• 30 


Soot .... 


. 100 


Mercury 


. 21 


Water .... 


100 


Bright galvanized sheet-ire 


)n 20 


Powdered charcoal 


• 95 


Polished cast-iron 


: \t 


Dull black pamt . 


n 


Polished lead . 


Ordinary sheet glass . 


Polished zinc 


' 17 


Dull red paint . . . 


80 


Platinum 


. 16 


Plumbago . . . . 


75 


Polished wrought-iron . 


• 15 


Tarred surface 


70 


Polished steel . 


. 14 


Dark lead-colour paint 


65 


Bright tin-plate . 


. 12 


Dark brown paint • . . 


60 


Polished copper 


. II 


Dark green paint 


55 


Polished brass, fine , 


. 10 


Dark chocolate-colour paint 


50 


Polished nickel 


: t 


Tarnished lead . 


40 


PoUshed gold . 


Tarnished pewter . 


35 


Polished silver 


. 6 



AbMcptioB is the power of receiving or taking in heat Coated 
surfaces absorb heat more readily than uncoated surfaces. Good radiators 
are good absorbers, and bad radiators are bad absorbers of heat. Hence, 
the same numbers which express the relative radiant powers of any series 
of substances will also express their relative absorbent powers. The 
absorbing power of metals depends upon the degree of their polish. The 
higher the surfaces are polished the less the absorbing power and the 
greater the reflecting power. 
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Brickwork, of either common bricks or fire-bricks, is an excellent 
absorber and radiator of heat. A brick-arch is frequently used in 
locomotive fire-boxes to absorb radiant heat from the fuel and give it up to 
assist the combustion of the gases from the fuel, and also to protect the 
tube-plate from destructive heat. The brickwork-casing of water-tube 
boilers absorbs heat, part of which is transmitted by radiation to the water- 
tubes, and the remainder is lost by dissipation through the brickwork to the 
external air. 

&6flecti0B of Seat. — When radiant heat falls upon a polished surface, 
it absorbs a portion of it and the remainder is reflected in the same way as 
rays of light. The quantity of heat absorbed is the measure of its 
absorbing power, and the quantity reflected is the measure of its reflecting 
power. Hence, the sum of the absorbing and reflecting powers of all bodies 
is the same. Good reflectors of heat are bad absorbers and bad radiators 
of heat. Therefore, vessels intended to retain heat should be covered with 
highly polished metal. Highly polished silver reflects nearly the whole of 
the radiant heat that falls upon it, the amount absorbed being extremely 
small. The reflecting powers of metals are given in the following Table : — 



Table 3. — Relatfve Reflecting Powers of Metals. 



Highly polished fine silver 
Polished silver 


. 100 


Polished zinc 


83 


■ 94 


Polished lead . . , . 


83 


Polished gold . 


92 


Polished cast-iron 


81 


Polished nickel 


91 


Bright galvanized sheet-iron 


80 


Polished brass, fine 


90 


Mercury . . . , 


89 


Polished copper 


89 


Tarnished zinc . 


70 


Bright tin-plate . 


88 


Tarnished pewter . . . 


65 


Polished steel. 


86 


Tarnished lead . 


60 


Polished wrought-iron . 


85 


Ordinary sheet glass . . 


II 


, Platinum 

1 


84 


Lampblack. 






Seat Badiated in th» Fnxnaeas of Steam-Boilars. — In the furnace 
of a steam-boiler, as very little of the fuel is in contact with the plates, 
practically no heat is transmitted by conduction, and the heat radiated 
frpm the fuel forms a large proportion of the total heat evolved. The 
furnace-plates receive direct rays of heat radiated from the fire on the fire- 
grate. 

It is estimated that one-half of the total heat evolved by the combustion 
of coal on the fire-grate of a steam-boiler, is given out by radiation to the 
heating surfaces over the fire, and the remainder is absorbed by the air in 
passing over and through the fire. The heat thus absorbed is partly 
recovered when the products of combustion pass through flues surrounded 
by absorbing or water-heating surfaces. 
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The proportion of the total heat evolved by combustion radiated by dif- 
ferent fuels is, on an average, as follows : — 

Charcoal . . . •';7 Bituminous Coal . 



Coke 
Anthracite 



•57 
•55 
'53 



Wood 
Oil 



•50 
•25 

•20 



The heat radiated from the fire is transmitted through the furnace-plates 
of a boiler by conduction. 



Table 4. — Relative Heat-conducting Power of Materials. 


Silver . .100 


Chalk . 


. 5-900 


Gold .... 


84 


Asphalt 


. 4*600 


Copper 






80 


Oak ... 


• 3-310 


Gun-Metal 






73 


Fir . . . 


. 3-201 


Brass 






70 


Elm ... 


. 3200 


Mercury 






67 


Ash . 


. 3-102 


Aluminium 






65 


Sawdust . 


. 3-008 


Zinc 






61 


Chestnut 


. 3*000 


Cadmium . 






56 


Walnut . 


. 3-000 


Wrought-iron 






42 


Mahogany . 


. . 2-837 


Tin . . . 






41 


Apple 


. 2-829 


Steel . 






40 


Fine Ashes of Coal 


. 2'8oo 


Platinum 






38 


Ebony 


. 2-231 


Cast-iron 






35 


Plaster of Paris . 


. . 2-174 


Lime 






25 


Cement . 


. 2-OI2 


Lead . 






20 


Plaster 


. 1-907 


Antimony . 






19 


Sand 


. 1-836 


Coal, Anthracite 






19 


Straw, chopped . 


. I-I20 


Coke 






19 


Bran 


. I-I02 


Limestone 






19 


Flannel 


. -415 


Granite 




18 


Horsehair 


. -317 


Building Stone, average 




17 


Cow's-hair- . 


. -256 


Sandstone, hard . 




16 


Powdered Charcoal . 


. -200 


Sandstone, medium 




14 


Lampblack . 


. . -112 


Marble 




12 


Slag-wool wrapt in felt 


. -108 


German Silver 




II 


Silk, dressed 


. . -104 


Slate 


, 




10 


Hair-felt, wood-lagged 


. -102 


Glass . 






10 


Hare's Fur . 


. . -095 


Stock-Bricks 


, 




9 


Lint 


. -085 


Asbestos 






8 


Wood-ashes . 


. . -084 


Porcelain . 


, 




8 


Cotton . 


. -084 


Terra-cotta . 






7 


Sheep's Wool 


. . -080 


Fire-clay . 


, 




7 


Raw Silk . 


. -070 


Fire-brick 






6 


Beaver's Fur 


. . -068 


Bismuth 


6 1 


Eiderdown 


. -067 



Ckmdnction is the process by which heat passes from a hotter part to a 
colder part of the same body, or from one to another of bodies in contact. 
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The flow of heat from a hot to a cold body in contact, depends upon the 
perfection of their contact, and upon the conducting power of the 
substances. Heat flows more quickly through some bodies than others ; 
the rate of flow varies according to the nature of the material. 

The rate of conduction of a body, or its conductivity, is its power of 
transmitting heat. It is measured by the number of units of heat that will 
flow in a unit of time across a cube of the material one inch in volume, the 
opposite surfaces of which differ in temperature by one degree. 

For instance, if an inch be taken as the unit of length, and a second as the 
unit of time, and the temperature of the inner surface of a boiler-plate be one 
degree less than that of the outer surface, then the number of units of heat 
that pass, under a steady flow of heat, through each cubic inch of metal in 
a second, is termed the specific thermal conductivity of the metal. 

Good Conduotoni of Heat transmit heat readily. Metals are good 
conductors of heat. Silver is one of the best conductors. The conducting 
power, or conductivity, of different substances compared with this metal is 
given in Table 4. 

The conducting power of pure metals is nearly the same for heat and 
electricity. 

Bad Condnotom of Heat offer a greater or less resistance to the 
transmission of heat. Animal and vegetable substances with fine fibres, 
such as hair, felt, cotton, wool, fur, and eiderdown, are the slowest or 
worst conductors of heat, owing chiefly to their interstices being filled with 
stationary air, which is a still worse conductor. Wood, sawdust, chalk, 
sand, stone, and brick are slow or bad conductors of heat. Brickwork 
of either common bricks or fire-bricks is a bad conductor of heat. 

Vonrcondncting CoTerings for preventing radiation from steam-pipes, 
steam-cylinders, and steam-boilers, are composed of materials which 
conduct heat slowly. Fine hair-felt is probably the best non-conducting 
material for this purpose. 

Table 5. — Relative Heat-saving Values of Non-conducting Coverings, 

EACH I^ INCHES THICK, FOR StEAM-PIPES AND StEAM-BOILERS. 



A perfect non-conducting covering I'oo 

Loose wool, wood-lagged '97 

Loose feathers, wood-lagged -97 

Hair-felt, wood-lagged -96 

Loose cotton-wool, wood-lagged -96 

Loose lamp-black, wood-lagged -96 

Fine slag-wool wrapped in felt -95 

Loose powdered-charcoal, wood-lagged -94 

Paper, hair-felt -93 

Air-space, hair-felt -93 

Hair, silicate, magnesia -93 

Chopped straw, silicated -92 

Bran, silicated, thin felt *9Z 
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Tablx 5 continued, — Rkiativx Heat-saving Valuss of Non-conducting 

COVXRINGS, KACH I^ IN. THICK, FOR StSAM-PIPES AND StBAH-BOILERS. 



Loose calcined magnesia, wood-lagged '91 

Air-space, bran, hair '90 

Loose slag-wool, wood-lagged '90 

Brown-paper, wood-lagged '90 

Fossil-meal, hair-plaster '89 

Air-space, fine wool '89 

Straw-rope, wound spirally, covered with canvas . '88 

Loose chaff, wood-lagged '88 

Loose fossil-meal, wood-lagged '88 

Air-space, fine cotton '87 

Air-space, goat's hair '86 

Cork-chips, plaster '85 

Air-space, paper-pulp, hair '84 

Clay, hair, flour, flax-fibre '84 

Larch twinings, hair, flour '82 

Clay, sawdust, paper-pulp, flour '80 

Flax-fibre, clay, paper shavings, flour '79 

Moss, hair, sawdust, flour '79 

Thin hair-felt and straw-rope '78 

Chalk, hair, flour . . 78 

Charcoal, sawdust, hair, flour 76 

Plaster of Paris, fine ashes, flax 75 

Peat, sawdust, hair, flour 74 

Pumice-stone, sawdust, clay, flour 74 

Ashes, hair, cement '72 

Sawdust, plaster, paper 71 

Asbestos, cement, paper 71 

Cocoa-nut fibre with paper covering '70 

Sawdust, sand, cement '70 

Brick-dust, sand, flax, cement *70 

Air-space, tin-plate case, paper '69 

Clay, flax-refuse, and cement '69 

Asbestos-paper, brown paper '68 

Slag-wool, or silicate cotton '(i*j 

Charcoal, cement, paper '66 

Charcoal '63 

Wood-chips, small, and loam -55 

Loam, dry and loose *53 

Marble reduced to very small pieces '52 

Powdered-chalk -50 

Gas-works carbon '45 

Asbestos '36 

Fine coal-ashes '35 

Plaster of Paris '35 

Brick reduced to very small pieces '33 

Flax-fibre and clay . . -31 

Coke-breeze, small '30 

Air alone *2o 

Sand -15 
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Many tests have been made to ascertain the quantity of heat saved by 
non-conducting coverings on steam-pipes relatively to the bare pipes ; the 
heat-saving value of coverings composed of different slow-conducting 
material is given in Table 5. 

Von-conduoting Coverings fbr the Frevention of &ad i a t ion of 
Heat. — Non-conducting coverings for preventing the radiation of heat, 
when composed of animal and vegetable substances, are liable to spon- 
taneous combustion if they become greasy and damp. 

Hair-felt is liable to injury from high temperature. When it becomes 
charred it rapidly crumbles to dust of a very inflammable nature. 

Mineral-wool, slag-wool, or silicate cotton, is a mineral fibre formed by 
blowing jets of steam into fluid slag, by which it is drawn into very fine 
glass-like threads. It frequently contains impurities which in the presence 
of moisture corrode metals. One cubic foot of slag will produce about 

1 2 cubic feet of slag-wool, containing about 90 per cent, of its volume of 
air in confinement. One cubic foot of slag-wool weighs, on an average, 

13 lbs. One square foot of slag-wool one inch thick weighs one pound. 
Slag-wool is a good non-conduclor of heat, and an excellent fire-proof and 
vermin-proof material. It is also a very effective deadener of sound. 

Asbestos is a mineral substance, nearly inconsumable by fire. It is 
composed on an average of lime and magnesia, 37 parts ; oxide of iron> 
3 ; potash, i ; soda, 1*4 ; alumina, 3, and 11 '4 parts of organic matter and 
water. It is very durable, but does not possess much power of pre- 
venting radiation. When it is used as a covering for steam-boilers it is 
necessary to mix it with some other slow-conducting material, otherwise it 
does not make an efiicient covering. 

Before applying a covering the plates of the boiler should be covered with 
several coats of plaster of Paris, which is a non-corrosive and non-conduct- 
ing material easy of application. When a covering is applied in the form 
of plaster, wire-netting may be placed on the surface to be covered, in order 
to facilitate removal of the covering when required. Or laths of wood laid 
on strips of asbestos-board may be placed a few inches apart on the surface 

to be covered and the 
cement applied between 
them. Coverings are 
most effective when an 
air-space is formed be- 
tween the plate and the 
covering as shown in 
Fig. I. 
The outside of non- 
conducting coverings should be painted white, because this colour radiates 
the least heat. 

Non-conducting coverings should not be less than one inch thick, but 
rather i| inches thick. 




Fig. I. — Section of a covering for a steam-boiler. 
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Quantity of Heat Transmitted by Von-Condnetings Coirevinga. 

— Careful experiments were made by Professor Ordway to determine the 
quantity of heat transmitted per hour through various non-conductors of 
heat, each used in a mass one inch thick, placed on a flat surface of iron 
heated by steam to 310° Fahr., the results of which are given in the follow- 
ing Table. The first column of the Table gives the loss by the measure 
of lbs. of water heated ten degrees. The second column gives the amount 
of solid matter in the mass one inch thick. The third column gives the 
amount or bulk of included or entrapped air. 

Table 6. — ^Hkat Transuittbd per Hour through various Non- 
Conducting Coverings, reckoned in Pounds of Water Heated 
10° Fahr., the Unit op Area being one Square Foot of 
Covering. 



Description of Non-Conducdng Material one 
inch thick. 



Lbs. of water heated 

10" Fahr., per Hour 

through one square 

foot. 



Loose wool .... 

Goose feathers 

Carded cotton-wool . 

Hair-felt .... 

Loose lamp-black 

Compressed lamp-black 

Cork-charcoal 

White-pine charcoal 

Anthracite coal-powder 

Loose calcined magnesia 

Compressed calcined magnesia 

Dght carbonate of magnesia 

Compressed carbonate of magnesia 

Loose fossil-meal . 

Crowded fossil-meal 

Ground chalk or Paris-white . 

Dry plaster of Paris . 

Fine asbestos 

Air alone .... 

Sand 



Solid matter in one 
square foot, one inch 
thick, parts in 1000. 



81 

9-6 

IO*4 
10-3 

io"6 
11-9 

139 
357 
12*4 
42*6 

137 

I5'4 
US 

20'6 

30*9 
49-0 

48-0 

62*1 



56 

50 

20 

185 
56 

244 

53 
119 
506 

l^ 
285 

60 
150 

60 
112 

253 

368 

81 

527 



Air in- 

eluded 

parts in 

xooo. 



944 

950 
980 

815 

944 
756 

947 
881 

494 
977 
715 
940 
850 
940 
888 

747 
632 
919 

ICXX) 

471 



Non-conducting coverings should be maintained perfectly dry, for not 
only is water a good carrier of heat, but it was found in these experiments 
that still water conducts heat about eight times as rapidly as still air. 

A Composition fbr oorering Boilers consists of sawdust, 2 parts ; 
cement, i part; mixed dry and moistened with water. It is applied in 
layers to a thickness of from 3 to 6 inches, one layer being allowed to dry 
before another is applied. Another composition for the same purpose 
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consists of sawdust mixed with starch ; a mixture of two-thirds wheat-starch 
and one-third rye-starch is the best. A string should be wound spirally 
round steam-pipes to secure adhesion of the composition. Copper-pipes 
should be primed with a solution of potter's-clay before applying the 
composition. Another covering for steam-boilers and pipes consists of 
waste products from the manufacture of paper, mixed in a dry state with 
potter's-clay in the proportion of 4 to i, and made into a plastic compound 
with water. It is applied in thin layers. 

Kaav-Felt Ck>Tdxi]igs for SteanipBoilem aad Steam-Vipes should 
be of best quality, i\ inch thick, weighing about one pound per square 
foot, stitched on strong canvas and secured to the boiler by bands of hoop- 
iron. For very high temperatures, the metal should be covered with 
asbestos-board before applying the felt, to prevent it becoming charred. 

Badiation firom Staam-Boilars. — ^The loss of heat by radiation from 
unclothed steam-boilers and steam-pipes is very great. It may be estimated 
approximately by the following formula :— 

Let T=the temperature of the steam in the boiler in degrees Fahr. 
/=the temperature of the air outside the boiler in degrees Fahr. 

The units of heat lost by radiation per square foot of unclothed surface 
of a steam-boiler per minute=(T— /) x -058. 

The units of heat lost by radiation per square foot of unclothed surface 
of a steam-boiler per hour=(T— /) x '058 x 60. 

Example. — Required the heat lost by radiation from the unclothed surface 
of a steam-boiler having 250 square feet of surface exposed to the 
atmosphere for 10 hours. The temperature of the steam inside the boiler is 
358^ Fahr., and that of the atmosphere outside the boiler is 58^ Fahr. 

Then (358°— 58^ x '058x60=1044 units of heat emitted by radiation 
per hour per square foot of exposed surface; and 1044 units x 250 square 
feetx 10 hours= 2,6 10,000 units, the total quantity of heat lost during the 
working of the boiler by radiation from the surface of this shell exposed to 
the atmosphere. 

The loss of heat by radiation from long steam-pipes is considerable. 
For instance, the steam at the engine-end of an uncovered steam-pipe of 
7 inches diameter and 60 feet long, was carefully tested and found to 
contain 31 per cent, of moisture. After protecting the pipe with an 
efficient non-conducting covering the steam was again tested and found 
to contain 3*6 per cent of moisture. 

Badiation firom Steam-boilers with non-oondnoting CoTexings. — 
The quantity of heat lost by radiation from a steam-boiler protected by a 
non-conducting covering of hair-felt, applied in the best manner, may 
be estimated approximately by the following formula, deduced from 
experiments : — 

Let T = the temperature of the steam in the boiler in degrees Fahr. 
/ = the temperature of the external atmospheric air in degrees Fahr. 
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The units of heat lost by radiation per square foot of external clothed 
surface of the boiler per minute are = (T — /) x *03. 

The units of heat lost by radiation per square foot of external clothed 
surface of the boiler per hour are = (T — /) x 'oa x 60. 

Example: Required the quantity of heat lost by a well-clothed marine 
return-tube boiler, presenting an external surface of 760 square feet to the 
atmosphere. The temperature of the steam inside the boiler is 367^ Fahr., 
and that of the atmosphere outside the boiler is 67^ Fahr. 

Then (367® — 67°) x -oa x 60 = 360 units, the heat lost by radiation 
per square foot of external surface per hour. The total quantity of heat 
lost by radiation from the external surface of the clothed boiler is = 360 
units X 760 square feet = 273,600 units per hour. Assuming the area of 
the fire-grate to be 49 square feet, and the consumption of coal 20 pounds 
per square foot of fire-grate surface per hour. Then the quantity of coal 
burnt per hour is = 49 square feet x 20 pounds = 980 pounds, and the 
heat lost by radiation is = 273,600 units -4- 980 pounds = 280 units per 
pound of coal. If the heat actually expended in the production of steam 
is, say, 11,000 units per pound of coal consumed, then the heat lost by 
radiation is = 280 -7- 11,000 = '025, or 2\ per cent, of the total heat 
utilised. 

The heat lost by radiation from steam-boilers protected by coverings of 
ordinary non-conducting compositions averages 6 per cent, in internally- 
fired boilers, and 12 per cent, in externally-fired boilers. 

ChuMons Fluidii conduct heat very slowly. When gases are restrained 
in motion, their thermal conductivity is extremely small. Dry air is 
incapable of absorbing or radiating heat. An air-space i\ inches deep 
formed round a steam-cylinder or steam-pipe by means of sheet-iron 
covered with hair-felt, is an excellent retainer of heat and preventer of 
radiation. 

Uqiiids, inth the exception of mercury, conduct heat slowly. The 
conducting powers of liquids compared with water are as follows : — 

Table 7. — RELAirvit Hkat-conducting Powers .of Liquids. 



Water .... i-oo 
Proof spirit . . . -85 

Alcohol, pure •••'93 
Nitric acid • . . 1*51 



Sulphuric acid . •174 

Sulphuric ether . . 2*15 

Mercury .... 2*82 
Turpentine . . . 3*14 



The Seat-oondueiiiig tsIim of MotaLi depends upon their purity 
and homogeneousness of texture. The relative heat-conducting value of 
metals, or their evaporative efficiency, as determined by careful experiments, 
when of good quali^, free from impurities and laminations, compared with 
copper, is given in the following Table : — 
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Table 8. — Relative Internal Heat-conducting Power of Metals. 


// 


Copper-sheet . loo 
Silicium-bronze . . . 85 
Aluminium-bronze . 80 
Phosphor-bronze , , 77 
Gun-metal . . .75 
Brass, fine . , , 72 


1 
Cast-steel hammered . . 56 

1 Siemens mild-steel . . 54 

1 Bessemer-steel . . .52 
Wrought-iron, fine . . . 50 
Wrought-iron, good ordinary 46 
Cast-iron, fine . . .43 

1 



These values are for clean surfaces. When the surface of metal is 
coated with a hard substance the conducting power is diminished. 

Eacpaiudoii of Snbstaiioes by Heat. — ^All substances expand more or 
less when heated. The co-efficients of expansion of various substances, or 
their lineal expansion for every degree Fahr., are as follows : — 

Coeffidentof 
linear expansioci. 

Copper . at temperatures between 32° and 213° Fahr. -00000958 

Copper . . 
Brass, cast 
Brass, sheet 
Gun-metal 
Phosphor-bronze 
Cast-iron 

Wrought-iron, average 
Wrought-iron, best 
Wrought-iron . . 
Cast-steel 

Mild-steel boiler-plates 
Mild-steel boiler-plates, *) 
Siemens-Martin, best ) 
Stock-bricks . . 
Fire-bricks . 



.. 32° 


>» 


572° 


9> 


•00001095 


.. 32° 


» 


212° 


>} 


•00001047 


.. 32° 


»> 


212° 


» 


•00001078 


» 32° 


»» 


212° 


» 


•00001062 


» 32° 


99 


212° 


99 


•00001067 


.. 32° 


» 


212° 


» 


•00000630 


» 32° 


» 


212° 


9> 


•00000658 


.. 32° 


» 


212° 


» 


•00000685 


.. 32° 


*> 


572° 


>» 


•00000892 


» 32° 


» 


212° 


» 


•00000615 


.. 32° 


» 


212° 


99 


•00000672 


» 32° 


»> 


450° 


99 


•00000700 


.> 32° 


» 


212° 


» 


•OOOOC306 


.. 32° 


»» 


212° 


>» 


•00000235 



The expansion of a long bar of metal is considerable. For instance, if a 
bar of wrought-iron 15 feet long be heated to a temperature of 170° Fahr. 
Then, the lineal expansion of the bar is = 15 feet x 12 = 180 inches x 
•00000658 X 170 degrees = '2013, or nearly -^ of an inch. 

Foroe exerted by Substances in Expanding and Contracting. — 
The force exerted by a bar in expanding by heat, or in contracting by cold, 
may be found by the following formula : — 

Let A = the sectional area of the bar in square inches. 
C = the coefficient of expansion from the above Table. 
H = the number of degrees the bar is heated above 32^ Fahr. 
£ = the modulus of elasticity, or resistance to stretching, of the bar, 
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= 18000CXX) for cast-iron J 38020000 for wrought-iron ; and 
30000000 for mild-steel. 
F = the force in pounds exerted by the bar in expanding or con- 
tracting. 

Then F=:AxCxHxE. 

Example: A wrought-iron girder having a cross-sectional area of 10 square 
inches is walled firmly into a building used as a drying-room. What force 
will be exerted on the walls of the building if the girder be raised to a 
temperature of 152° Fahr. ? 

Tlien the girder is raised 152° — 32** = 120 degrees in temperature, and 
10 square inches x •00000658 x 120° x 28020000 = 221246 pounds, 
the force exerted by the expansion of the girder. 

CombiistililMi or Fmlfl. — ^Carbon and hydrogen are the two principal 
combustibles, and form the chief constituents of all solid, liquid, and 
gaseous fuels. The combustibles or fuels in general use are coal, coke, 
wood, peat, straw and other vegetable-refuse, charcoal, crude petroleum, 
creosote, mineral oil, and combustible gases obtained by distillation of solid 
kinds of fuel. 

Coalf the staple fuel, is fossilized vegetable matter. It is composed 
chiefly of those elements which enter into the composition of organisms, or, 
carbon, hydrogen, and oxygen. 

Table 9. — Composition of Fossil Vegetable Matter at Different 
Stages of Transformation to Coal. 



State of Foasilixatioa. 


Carbon. 


Hydrogen. 


Oxygen and 
Nitrogen. 


Vegetable matter, decayed . 

Cellulose 

Peat . . . . 

Lignite, or wood-coal . ... 

Lignite, or earthy brown coal 

Coal, secondary 

Coal, Bituminous .... 
Anthracite 


35 
46 

60 

70 

93 


5*1 
5-3 

5-4 

\i 

57 

\i 


59-9 
487 

37*6 
34-5 
24-4 
19-3 

12*8 

32 



The transformation of the vegetable matter to coal is, briefly, as follows : — 
When wood and vegetable matter are buried in the earth, exposed to 
moisture, and partially or entirely excluded from the air, they decompose 
slowly and evolve carbonic acid gas, thus parting with a portion of their 
original oxygen. By this means they become gradually converted into 
lignite or brown coal, which contains a larger proportion of hydrogen than 
wood does. A continuance of decomposition changes the lignite into 
bitumuious or common coal, chiefly by the discharge of carburetted 
s.B.c. c 



\l8 STEAM-BOILER CONSTRUCTION. 

hydrogen. The gaseous contents of the coal— carbonic acid, carburetted 
hydrogen, nitrogen, and olefiant gas — are continually escaping, and the 
disengagement of the gases gradually transforms bituminous or' ordinary 
coal into anthracite or hard coal. 

The composition of the fossil vegetable matter at different stages of 
transformation to coal is given approximately in Table 9, in which earthy 
matter is not included. 

It will be seen from the foregoing Table that the quantity of oxygen 
decreases rapidly during the process of fossilization of the vegetable matter, 
and that the constituents of coal are chiefly carbon and hydrogen, which 
are united and solid. 

All coals contain more or less impurities, as silica, alumina, lime, mag- 
nesia, oxide of iron, and earthy matter, the latter of which greatly detracts 
from the heating power of coal. 

Classes of CoaL — ^There are two classes of coal, — anthracite and 
bituminous. The effect of bitumen is to facilitate ignition, and cause coal 
to cake and smoke. Hence the more bituminous the coal, the greater the 
liability to cake and to emit smoke. The following are the principal 
varieties of coal : — 

Anthracite, or stone-coal, is of hard stone-like structure, contains no 
bitumen, but consists almost entirely of free carbon. The finest quality of 
anthracite is found in the Pembrokeshire, Gwendraeth Valley, and Vale of 
Neath coalfields. It has a beautiful and lustrous appearance, is compact 
and hard, gives a ringing sound when struck, and is of such a cleanly nature 
that it does not soil the hand. 

This coal is difficult to ignite, bums slowly or sluggishly, and breaks into 
small pieces when rapidly heated, but yields intense heat without smoke 
when dry. It requires a very large fire-grate, or about double the grate-area 
required for bituminous coal, and heavy charges of coal at each firing. It 
also requires considerable attention, a thin fire of regular thickness, a well- 
distributed supply of air through the fire, and a strong draught, and the fire 
must remain imdisturbed for a long interval ; therefore it is not adapted 
for burning economically in the furnace of a steam-boiler with natural 
draught. 

The evaporative power of anthracite in ordinary boiler-furnaces is less than 
that of bituminous coals. It is difficult in practice to evaporate more than 
8 pounds of water per pound of anthracite in a steam-boiler with a strong 
draught under ordinary working conditions, while one pound of good 
bituminous coal will easily evaporate 10 pounds or more of water under the 
same conditions. 

SemiwAnthracite, anthracitic, or slightly bituminous coal, such as the 
best Welsh steam-coal, has less density than anthracite. It requires little 
attention, bums freely with a short flame, and yields great heat with very 
little clinker and ash; but it decrepitates much in burning, and wastes 
considerably in falling through the bars of the fire-grate. It swells con- 
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siderably, but does not cake, and emits only a light vapoury smoke. It is 
very tender and will not bear rough usage, and crumbles rapidly after 
long exposure to the atmosphere, but is excellent for steam-producing 
purposes. 

Semi-BitumiiioiUB Coal is of dull black colour, and contains a con- 
siderable amount of hydro-carbons. When of good quality it ignites easily, 
burns freely with a short flame with ordinary draught; but it emits a 
considerable quantity of smoke, unless means be taken to prevent its 
formation. It requires little attention, makes very little clinker and ash, 
and is an excellent steam-coal. 

Bitnininoiu Cleaavbnming Coals are generally very tender, ignite 
with difficulty, and burn slowly with a short, clear, bluish flame. 

Bitiuninoiui Flaming Coals are black and glossy, ignite with 
difficulty, but burn somewhat rapidly with a long white flame. 

Bitiuninons Fnliginons Coals contain a large proportion of volatile 
matter, ignite easily, and burn rapidly with a long yellow fuliginous flame. 

Bitnminoiis Oasaons Coals are hard, compact, and strong, of a 
brownish-black colour and dull lustre. They contain a large amount of 
bitumen, and yield about two-thirds of volatile matter, and one-third of 
clinker and ash. They average in composition from 60 to 78 per cent, of 
carbon, and from 5-75 to 9 per cent, of hydrogen. When distilled they 
yield a large amount of hydro-carbons, and are principally used for making 
coal-gas. 

The quantity of carburetted hydrogen evolved varies from 5,000 to 1 2,000 
cubic feet per ton of coal. This kind of coal is not suitable for the 
fumacps of steam-boilers. 

Storage of CoaL — Coal should be kept dry. When exposed to the 
atmosphere it rapidly deteriorates in quality owing to the gradual escape of 
part of its volatile constituents. 

Distillation of Coal. — One ton of Lancashire coal, distilled in gas 
retorts, is stated to be capable of yielding the following products : — 

1. Coal-gas, 10,000 cubic feet. 

2. Ammonia-liquor, 5 per cent., 20-23 gallons = 30 pounds. 

3. Coal-tar, 12 gallons, or 139*2 pounds. 

4. Coke, 13 cwt. 

Twelve gallons of coal-tar yield : — 

1. Benzene, I'l pound; aniline, I'l pound. 

2. Toluene, -9 pound ; toluidine 77 pound. 

3. Phenol, 1*5 pound; aurine, vz pound. 

4. Solvent naphtha, 2*4 pounds. 

5. Naphthalene, 6*3 pounds; naphthol, 475 pounds; naphtha, 

yellow, 9*5 pounds. 

6. Creosote, 17 pounds. 

7. Heavy oils, 14 pounds. 

c 2 
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8. Anthracene, -46 pound ; alizarin, 20 per cent., 2*25 pounds. 

9. Pitch, 69*6 pounds. 

These are the average products, but the yield varies with the quality of 
the coal. 

Ugnite, or Brown Coaly is of more recent formation than bituminous 
coal, and is an imperfectly formed coal. It is frequently of a woody 
texture, and generally contains considerable moisture and a large propor- 
tion of oxygen. When dry, it ignites easily and bums very rapidly. It 
weighs less and develops less heat than coal, and is not a valuable 
description of fuel. 

Slaok is the screenings of coal. Large-sized screenings are termed rough 
slack, and small-sized screenings small slack. The dust of screenings, or 
fine siftings from slack, is termed duff or smudge. 

Tlie Composition of Coal varies considerably. The average results 
of a number of careful analyses of British and foreign coals are given in 
the following table. The heat evolved by the combustion of any of the 
coals, and their equivalent evaporative power, may be calculated by the 
rules on page 42. The evaporative power of coals is given at page 45. 

Table 10. — Composition of British and Forrign Coals. 



De«:ription of CoaL Carbon | "j«J«>. 


Oxygen. 


Nitro- 
gen. 


Sul- 
phur. 


Ash. 


II 


1 


1 1 




I -CO 


72 


15 


Welsh Anthracite . 


917 


378 


1-30 


1-37 


Welsh Coal, Penrikyber . . 89*0 1 


4-25 


1*45 


roc 


•80 


35 


132 


Ditto, Powell-Duffryn's . 


88-1 


420 


2-17 


1-63 


•90 


30 


132 


Ditto, Aberdare . 


88-4 


365 


3*35 


•65 


77 


318 


132 


Ditto, Good Ordinary . 


86-0 


464 


2-96 


140 


170 


32 


1-31 


Newcastle Coal . . . . 


82-9 


5'30 


5'24 


126 


1-30 


4'0 


126 


Ditto, Good Ordinary. 


78-0 


515 


8-63 


1-30 


132 


5-6 


1-27 


Durham Coal .... 


8o-o 


5-10 


7'23 


1-27 


1-40 


5-0 


127 


Lancashire Coal . . . . 


79'5 


5-42 


851 


ri8 


1-50 


47 


1-27 


Derbyshire Coal . . .78*9 


4-88 


10-34 


1-38 


no 


34 


127 


Staffordshire Coal . . .' 78*2 


5-28 


1032 


1-50 


r20 


3'5 


1-28 


Yorkshire Coal 


78-1 


4-84 


io*53 


I '43 


no 


4-0 


1-29! 


Nottinghamshire Coal . . 


75-2 


5-60 


12*34 


i'33 


123 


4-3 


1*28 


English Coal, Best, Average 


80-4 


5-20 


777 


1^3 


1-40 


41 


1-27 


Ditto, Second Quality, 
















Average .... 


72-9 


4-97 


13-47 


ro6 


r6o 


C-c 


1-26 


Scotch Coal .... 


70*0 


4-85 


13-50 


135 


170 


6-0 


127 


Ditto, Good Ordinary 


77*4 


5-56 


9-68 


1*26 


1-50 


4-6 


127 


Gaseous Coal and Brown-Black 


63-8 


8-85 


477 


•95 


•33 


21-3 


1*22 


Foreign Coals. 
















Sydney, N.S.W., Bituminous . 


82-4 


5'3o 


8-30 


r2o 


70 


2-1 


1-30 


Australian Brown Coal . 


73"2 


471 


i2'35 


rii 


•63 


8-0 


127 
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Table io continued. — Composition of British and Foreign Coals. 





Description of Coal. .( 


^irbon 


Hydro- 
gen. 


oxy«.n- ~.^ 


Sul. 
phur. 


Ash. 


!! 


1 

1 

1 

1 










1 






Foreign Coals continued. 


' 1 
1 








' Australian Coal, Good, Average 


7I-0 


4-65 


18-15 


1-25 


i-oo 


4-0 


1-28 


American, Rhode Island . 


85-0 


371 


239 


roo 


•90 


7-0 


1-42 




Ditto, Maryland 


8o-o 


5-00 


270 


no 


I-20 


8-3 


133 




Ditto, Penna . . . 


75'5 


493 


i2'35 


ri2 


i-io 


5-0 


132 




Ditto, Tennessee . .| 


70"o 


5-21 


8-o6 


1-53 


140 


138 


1-39 




Ditto, Indiana • . .: 


697 


5-10 i9*i7 1-23 


1-30 


3'5 


125 




Ditto, Illinois . . .j 


61-4 


4-87 


3542 


1-41 


1-20 


57 


I3I 




Ditto, Virginia . . . 


57-0 


4-96 


2644 


1-70 


1-50 


8-4 


132 




Ditto, Alabama 


532 


4-8i 


32-37 


162 


1-30 


67 


1-30 




Ditto, Kentucky . 
Californian Brown Coal . 


491 


4"95 


41-13 


1-70 


1-40 


72 


1-28 




497 


378 


3019 


roo 


153 


13-8 


1-32 




Austrian Lignite . 


5810 


4-64 


30*43 


•10 


73 


60 


I*20 




French Anthracite . 


90-9 


X*47 


i'53 


roo 


•80 


4*3 


1*35 




Ditto, Bituminous . . 


83-8 


4-82 


4-86 


r22 


1-30 


4-0 


131 




Russian, Grouchefski, Anthra- 


















cite ' 


907 


3"50 


1-40 


I -co 


•80 


2-6 


1-40 




Ditto, Miouche, Bituminous 


839 


4-10 


4-50 


I -00 


1-50 


5-0 


132 




Saxony, „ 


79"4 


465 


9-48 


1-37 


i-io 


4-0 


129 




Borneo, ,, 


70-3 


5"4i 


19-16 


•66 


117 


33 


1-37 




Cape Breton, „ 


67-2 


4-26 


20-l6 


ro7 


I-2I 


61 


Mi 




Vancouver's Island „ 


669 


532 


8-76 


ro2 


2-20 


15-8 




Formosa Island „ 


78-3 


570 


991 


r6o 


•49 


4-0 


129 




Chilian, „ 


70-6 


571 


13*26 


•95 


1-98 


7-5 


1-28 




Paugonian, „ 


625 
608 


5-00 


17-84 


•63 


i>3 


131 


1-29 




Nova Scotia, „ 


570 


19*45 


•65 


•90 


12-5 


132 




Brazil, 


58-0 


5-42 


29-04 


ri4 r4i 


5'o 


129 




Silesia, „ 


57'5 


5'34 


3072 


1-21 r23 


4-0 


126 




Hindostan, „ 


50-0 


4-26 


27-50 


1-34 1-40 


15*5 


136 


; Queen Charlotte's Island, An- 








1 






! thracite 


551 


172 


3-20 


•60' -38 


390 


1-32 




Indian Coal, from Northern 








! 








Districts 


57-2 


420 


31-10 


r3o' r20 


5-0 


i'34 




Indian Coal, from Southern 
















Districts . . . . 


646 


475 


18-40 1-25 . roo 


lo-o 


136 




Lignite, or Brown Coal . 


69-0 


5-30 


1900 -20 1 -60 


59 


1-28 



Coal. — ^It is frequently advantageous to mix a little soft coal 
with hard coal. Coal from South Wales mixed with a small quantity of 
bituminous coal makes excellent fuel for steam-boilers. 

riAiiM of Coal. — Flame is considered to be a hollow cone having the 
heat concentrated at its apex. The heating-power of flame is much greater 
than that of heated gas. Coal, which evolves the largest quantity of heavy 
carburetted hydrogen gas, and liberates the largest quantity of carbon by 
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combustion, gives the most luminous flame. As flame increases in 
temperature, it diminishes in length and becomes whiter in colour. The 
greatest heat is radiated from flame when it has space for free development. 

Tlie Quantity of Ash yielded by the combustion of coal varies,, 
according to Table lo, from i^ to 39 per cent. Good Welsh steam coal 
only yields yz per cent, of ash. 

Clinker is produced by fusion of ash. Coals which produce much clinker 
rapidly destroy the fire-grate bars. 

The quantity of clinker and ashes produced from coal consumed in the 
furnace of a steam-boiler is, under ordinar}' working conditions, seldom less 
than 10 per cent. It varies according to the description and quality of the 
coal used, and is, on an average, approximately as follows : — 



Welsh coal 
Bituminous coal 



7 per cent. 
10 per cent. 



Bituminous slack 
Anthracite, small 



. . 1 2 per cent- 
6 to 18 per cent- 



Small slack of inferior quantity seldom produces less than 20 per cent, 
of clinker and ash in the furnace of a steam-boiler. 

The expense of getting rid of clinker and ash is so considerable that it is • 
frequently more economical to use best steam-coal yielding little ash, than 
a cheaper coal making a quantity of clinker and ash. 

At rates of combustion of 40 pounds of coal per square foot of fire-grate 
surface per hour and upwards, clinker accumulates very rapidly in the 
furnace, and is an obstacle to economical combustion. 

The Composition of Ash varies considerably. The nature of the 
incombustible ingredients of ash may be seen from the average results of 
several analyses of ash of coal from different districts, given in the following 
Table :-- 

Table ii. — Composition of Coal- Ash. 



Description of Coal. 


Silica. 

1 


Alumina 

and 
Oxide of 

Iron. 


Lime. 


Magnesia. 


Sulphuric 
acid.^ 


Phos- 
phoric 
acid. 


Total 

per 

centa^e. 


Anthracite 


! 447 


48-87 


2-96 


•58 


2-00 


•62 


9973 


Welsh Coal . . 


1 52-2 


3630 


3-86 


2-27 


4-55 


•78 


99*94 


Newcastle Coal 


6o'4 


26-64 


3'25 


1-67 


7-00 


•84 


99-80 


T^ancashire Coal 


487 


35-56 


6-34 


154 


6-83 


•69 


99*66 


Derbyshire Coal 


42-5 


40-00 


787 


1-37 


7-46 


76 


9996 


Staffordshire Coal . 


56-4 


26-61 


6-37 


1-76 


7-91 


•87 


9992 


Yorkshire Coal 


, 62-0 


20-40 


573 


2-i8 


8-40 


•89 


99*60 


Scotch Coal . . 


54-5 


29-38 


8-94 


1-87 


4-26 


. -85 


99-80 


Lignite . 


20*I 


18-42 


22-IO 


2-48 


33-00 


3-84 


99*94 



The Heat Lost in the Clinker and Ash, withdrawn from the furnace 
of a steam-boiler carefully-fired with good coal, averages from J to 2 per 
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cent, of the heat developed by the combustion of the coal. It may be 
roughly estimated from the rise of temperature observed in quenching a 
known weight of clinker and ash in a known weight of water. For instance, 
if 20 lbs. of clinker and ash, when quenched in 120 lbs. of water at 55° 
Fahr., raised its temperature to 118° Fahr., then the rise of temperature 



is =1x8° -55° =63°. and -^ 



120 lbs. of water 



20 lbs. of clinker and ash 



= 378 units of hfeat 



were given up to the water, and if the weight of clinker and ash produced 
by each pound of coal was, say, '12 lb., then 378 units x '12 = 45'36 units 
of heat were lost in the clinker and ash per pound of coal consumed. 

Tlie Weight and Bulk of Coal varies considerably. The average 
weight and bulk of a number of samples of coal from various districts is 
given in the following Table, which also gives their burning qualities. 

Table 12. — ^Weight, Bulk, and Burning Qualities of Coal* 



Weisht of 

Tx ;->;._ one cuDic foot 

DeKnpUon. of loose coal 
heaped. 


Anthracite . . . 

Welsh Coal . 

Newcastle Coal . . 
Lancashire Coal 
Derbyshire Coal 
Staffordshire Coal . 
Yorkshire Coal . . 
Scotch Coal . 


lbs. 

58-2 

52-1 

46-8 
47-0 
47-6 
492 



Bulk of 
one ton of 
loose coal 

heaped. 



Cubic feet. 
38-4 

45'5 
46*0 

47*4 

47-5 
47-0 

43*o 



Draught 
required. 



How it 
bums. 



Quantity of 
smoke. 



Quick 

Quick I 

Ordinary 
Ordinary 
.Moderate 
Ordinary 

Brisk 
Ordinary 



Difficultly; 
Free and 

clear 
Quickly 
Quickly 
Quickly 
Quickly 
Quickly 
Quickly 



None 

I Little 

Large 
Large 
Large 
Large 
Large 
Verylarge 



Coke is the solid carbon and earthy matter remaining after coal has 
been deprived of its volatile constituents by partial combustion, or by slow 
distillation in retorts. The composition of coke averages as follows : — 

Carbon from 85 to 95 per cent. 

Sulphur „ I „ 2 

Ash » 3 » 15 

The best quality of coke yields the least ash. The quantity of coke 
yielded by coal averages two-thirds of the weight of coal. Coke is 
screened into three sizes — large coke, small coke, and breeze. 

The Heating Power of Coke is calculated from its constituent 
carbon, the sulphur being usually neglected. For instance, coke con* 
taining 90 per cent, of carbon will develop 14500 x '90 = 13050 units o( 
heat per pound. Its evaporative power may be calculated by this JRu/e .- — 
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Units of heat evolved per lb. of fuel 
Heat absorbed by water supplied at 212^ Fahr. 

Heat evolved per lb. 
= 966 

This coke will evaporate 13050 units rf heat per lb. ^ ^^.^^ ^^^ ^^ ^^^^ 

from and at 212° Fahr. 

Coke has the advantage of absence from dust and smoke, and it yields 
most of the heat developed in the furnace to the heating-surfaces above 
the fire-grate. The heating-power of a good gas-coke is from 10,143 to 
11,109 units per pound, and its evaporative power is from 10*5 to 115 
pounds of water per pound of fuel from and at 212® Fahr. It yields from 8 
to 1 2 per cent, of ash and clinker. 

To Bum Coke Soonomioallyt the greatest available amount of heating 
siuiace should be exposed to the furnace, the fire should not be forced, and 
the fire-grate should be proportioned to burn not more than eight pounds of 
coke per square foot of the area of the fire-grate surface per hour. There 
should be a strong draught, increasing in strength as the size of the coke 
diminishes. The fire-bars should be of wrought-iron, and the fire-grate 
protected from burning by water-pans placed in the ash-pit. 

Breose from coke of good quality will develop from 6,279 ^o 7,245 
units of heat per pound, and its evaporative power is from 6| to 7^ pounds 
of water per pound of breeze, from and at 212^ Fahr. It yields from 15 to 

25 per cent, of ash and clinker. 

Peat is the decayed vegetable matter, or organic matter, of bogs and 
marshes. It is light, spongy, and fibrous, and cont^uns in its natural 
state about 85 per cent, of water. When air-dried it retains permanently 
about 20 per cent, of moisture, and when kiln-dried about 7 per cent, of 
moisture. It is very bulky, and occupies about four times the space, for 
equal weight, of coal, and as its maximum evaporative power is little more 
than one half that of coal, about eight cubic feet of peat are required to 
evaporate an equal quantity of water as one cubic foot of coal. The 
composition of peat averages as follows : — 

Carbon 45 to 60 per cent. 

Hydrogen 4 „ 6 „ 

Oxygen 25 „ 45 » 

Nitrogen i „ if » 

Ash 4 » 7 » 

Peat is consumed so rapidly as to necessitate almost constant firing. 

The Heating Power of Peat in a moderately dry state, containing 
•47 carbon, '05 hydrogen, and '32 oxygen, is as follows : — The constituent 
oxygen will combine with '32 -4- 8 = '04 hydrogen, leaving '05 — -04 = -oi 
hydrogen in excess, and carbon '47 x 14500 = 6815 units -f ('Oi x 62535) 
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= 625 units of hydrogen = 7440 units, its maximum calorific power, and 
its evaporative power is 7440 -s- 966 = 77 pounds of water from and at 
212® Fahr. The evaporative power of peat of average quality is very much 
less than this. In a test of a boiler fired with, peat the evaporation was 
only 4-2 pounds of water per pound of peat. 

Peat is frequently compressed into blocks weighing about 70 lbs. per 
cubic foot, and occupying a space of about 48 cubic feet per ton. 

Paat-Charooal is light and porous, and bums feebly. Its average 
composition is '82 carbon and *I2 ash; its heating power is '82 x 14500 = 
II 890; its evaporative power is 11890-5-966= 12*31 pounds of water 
from and at 2x2^ Fahr. Peat yields about one-third of its weight of 
charcoal. 

Wood-Charooal is prepared by exposing wood to a red heat until 
deprived of its gases and volatile matter^ the product being nearly pure 
carbon. 

It is necessary to heat the wood for a considerable time to a tem- 
perature of at least 400° Fahr. to drive off the gases; at 550° Fahr. half 
formed or brown charcoal is produced; at 700*^ Fahr. the wood is 
converted into a strong, brittle, black charcoal of wood-like structure, which 
makes a bright, clear fire that radiates heat strongly, and bums without 
flame or smoke. By using forced draught with a small supply of air to the 
fire, intense heat may be developed by the combustion of charcoal. Hard 
wood makes better charcoal for fuel than soft wood. 

The composition of charcoal varies with the temperature at which it is 
produced. Charcoal of hard wood is composed approximately as given in 
the following Table : — 

Table 13. — Average Composition of Charcoal of Hard Wood at 

VARIOUS stages OF CARBONIZATION. 



TcmpentuR of 
«arbonintion. 


Carbon 
per coit. 


xiydrogcn 
per oeot. 


Approximate yield 
ol charcoal in per- 
centage of weight 
of wood. 


220° Fahr. 


50 


60 


48 


400° „ 


60 


5-1 


40 


550° ,. 


70 


4-6 


35 


700° „ 

850° ,. 


77 
80 


4-0 
31 


28 
21 


2100° „ 


85 


1*5 


'2 


2300° .. 


90 


i-o 


18 


2500° „ 
2800° ,. 


93 
95 


•3 


\i 



The Seating Power of Wood-Charooal containing '95 carbon is 
*95 X X4500SS 13775 units per pound, and its evaporative power is = 
13775 -4- 966 = 14-26 pounds of water from and at 212® Fahr. 
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The quantity of ash yielded by wood-charcoal is from 2 to 10 per cent. 

Compressed Charooal is composed of t^-o-thirds of powdered charcoal 
and one-third gas-tar* It is moulded under pressure into short round 
pieces, and baked at a high temperature. It bums slowly, without flame or 
smoke. 

Patent Fuelt or artificial fuel, is composed of small coal, or other refuse 
fuel, mixed with adhesive and combustible substances, such as pitch and 
tar, and moulded by machinery into blocks. 

Coalrdiist Briquettes, or block-coal, of good quality, generally 
contain from 86 to 90 per cent, of coal-dust, mixed with from 8 to 10 per 
cent, of pitch, and from 2 to 4 per cent, of ta^. It is moulded under 
pressure into blocks, and baked at a high temperature. Its .average 
composition is as follows : — 

Carbon . . . ... from 70 to 87 per cent. 

Hydrogen ,, 4'25 »» 5*6 

Oxygen „ i „ 2 

Nitrogen „ i „ r8 

Sulphur „ I „ 1*6 „ 

Ash „ 3 " S'o 

It bums freely, and develops on an average 9,660 units of heat per 
pound. This is equal to an evaporation of 9660 -4- 966 = 10 pounds of 
water per pound of fuel, from and at ^12° Fahr. 

Coke-dust Briquettes, or block-coke, are generally composed of washed 
coke-dust 100 pounds, pitch 7 pounds, tar 2^ pounds. It is made from, 
gas-coke refuse, and has on an average a heating power of 8,970 units of 
heat per pound. This is equal to an evaporation of 8970 ■+- 966 = 9*28 
pounds of water per pound of fuel, from and. at 212° Fahr. 

Sawdust Briquettes, or block sawdust, are a mixture of sawdust, tar, 
and clay moulded into blocks. It burns freely, and develops about 6,300> 
units of heat per pound, and its evaporative power is 6,300 -7- 966 = 6*52 
pounds of water from and at 212® Fahr. 

Vegetable-reftise Fuel, such as sugar-cane refuse, cotton-stalks, reeds, 
coarse grass, fibrous plants, and straw, may be used in steam-boilers having 
suflficient capacity of furnace and fire-box. 

They develop on an average 3570 units of heat per pound, and evaporate 
3570 -f- 966 = 37 pounds of water from and at 212^ Fahr. Spoilt grain 
has sometimes been used as fuel ; its evaporative value is less than one- 
fourth that of good coal. 

Steam-Boilers Pired with Vegetable BeAise-FueL — ^To effect econo- 
mical combustion of refuse-fuels, they require on an average, a boiler with 
double the area of fire-grate surface, double the area of fire-box surface, and 
one-half greater area of total heating-surface per indicated horse-power of the 
engine, than 13 required for a boiler buming coal. 
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Varioiui Fuels. — The heating powers of numerous other fuels are given 
in Table 20, pages 44-46. 

Straw-Fuel for Steam-Boileni. — Straw may be economically burnt 
as fuel for steam-boilers, but it requires a furnace specially arranged for the 
purpose* The fire-box of the boiler of a portable engine, arranged for burn- 
ing straw, is shown in Fig. 2. The straw is fed with a pitchfork through a 
wide aperture placed below the ordinary fire-door. 



Fig; 3. — Garrett's straw-burning fire-box. 

The Straw in burning fills the fire-box full of flames, which pass over 
the top of a high fire-brick bridge before entering the tubes. The flames 
are met at the top of the bridge by streams of heated air coming from the 
smoke-box through tubes provided for the purpose, as shown in the 
engraving. 

In a test of a compound portable engine having a boiler with fire-box 
arranged in this manner, the straw burnt per square foot of fire-grate per 
hour was 55*1 pounds; the straw consumed per indicated horse-power per 
hour was 778 pounds, and each pound of straw evaporated 2*6 pounds of 
wat^r. In the test of the boiler of a simple portable engine with a similar 
fire-box, the straw burnt per square foot of fire-grate per hour was 57*6 
pounds ; the straw consumed per indicated horse-power per hour was 11 '9 
pounds, and each pound of straw evaporated 2^ pounds of water. 

For ordinary portable engine-boilers three pounds of straw may be 
assumed to be equivalent in heating power to one pound of coal when 
burnt in a furnace of this kind. 

WoQd^Fnel for Bteam-Boilers. — Green wood contains about 50 per 
cent, of moisture, and loses about 50 per cent, in weight when dried at a 
temperature of 280** Fahr. Air-dried wood contains from 20 to 25 per cent* 
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of moisture. As the heating-power of wood decreases with the quantity of 
moisture it contains, it should be dried in a kiln at a temperature of not less 
than 380® Fahr. Soft woods require to be more dried than hard woods. 

The composition of wood does not vary to the same extent as that of coal. 
The average comjj^osition of wood is given in the following Table: — 

Table 14. — ^Average Composition of Wood. 



Element!. 


Composition of Wood. 


In a dry state. 


In its ordinary 

state of dryness, 

or contain in|^ so per 

cent, of water. 


Inperfectly dry, or 

containing as per 

cenL of water. 


Hygrometric Water . 
Carbon . . . 
Hydrogen . 
Oxygen . . . 
Nitrogen . 
Ash . 


Percent. 

'I 

40 
I 
2 

100 


Per cent. 
20 

40-8 
4-8 

'U 

v6 


Per cent. 
25-00 

4-50 
3000 

075 
1-50 


loo-o 


loo-oo 



Hard woods 3deld more intense, more prolonged, and steadier, heat than 
soft woods. Soft woods kindle more readily, and burn more rapidly, than 
hard woods. 

Wood, on an average, contains approximately i pound of hydrogen 
for each 8 pounds of oxygen, and, as the hydrogen is thus neutralized 
by the oxygen, it develops no heat. 

Wood, in its ordinary state of dryness, develops '408 carbon x 14500 
units of heat per pound of carbon = 5916 units per pound, and evaporates 
5916 -4- 966 = 6*124 Ihs. of water from and at 212^ Fahr. 

English oak, kiln-dried, averages '50 carbon, and develops '50 x 14500 
= 7250 units of heat per pound, and will evaporate 7250 -f- 966 = 7^ 
lbs. of water from and at 212® Fahr. Wet wood on an average develops 
2898 units of heat per pound, and evaporates 2898 4- 966 = 3 lbs. of 
water from and at 2 1 2^ Fahr. 

Boiler-Fnmaoa for Bnming Wood. — ^A cord of wood can be burnt 
per hour on 60 square feet of fire-grate surface. Wood fuel requires one- 
third more fire-grate surface and two-thirds more space in the furnace 
than is required for coal, for equal generation of steam. 

A Cord of Wood contains 4x4x8 = 1 28 cubic feet, of which 73 
cubic feet are solid wood, and the remainder, 55 cubic feet, is space. The 
weight of coal that one cord of different kinds of dry wood is equivalent to, 
in evaporative power in a steam-boiler, is given in the following Table : — 
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Table 15. — Approximate Weight of One Cord of Different Kinds 
OF Kiln-dried Woods, and their Evaporative Power com* 
PARED with Coal of Average Quality. 



Kind of Wood. 



English oak 

Ashy beech and thorn each 

Red oak, hard maple and walnut . . . each 
Apple-tree, pear-tree, cherry-tree and plum-tree, each 
Birch, elm, plane-tree and hazel . . . each 
Chestnut, brushwood and yellow pine . . each 
Pitch-pine, alder, aspen and poplar . . each 
Willow, white pine or deal .... each 
Hemlock 



Approxi- 

mate 

weight of 

one Cord 

of the 

Wood. 



Weight of Coal 
that one Cord of 
Wood is apitfoxi. 
matel^ equiva- 
lent to in evapor- 
ative power. 



lbs. 
3850 
3520 

33*0 
3UO 
2880 
2320 
2130 
1920 
1220 



lbs. 
1560 
1420 
1340 
1260 
1 190 
1 130 
1050 
970 
580 



The quantity of ash yielded by wood averages from i to 4 per cent. The 
quantity of ash yielded by Enghsh oak is generally 17 per cent. 

The Heating Power of Soft Wood, such as pine, or of mixed soft 
woods, not kiln-dried, but in a moderately dry state, varies considerably. 
It may, in a general way, be assumed that one pound of wood of this 
description is equivalent in heating power to one quarter of a pound of coal, 
or that four pounds of wood are equivalent in evaporative power to one 
pound of good coal. 

Q«eeoiui-Fiiel. — ^There are five classes of gaseous-fuels, which may be 
briefly described as follows. 

TllmniTiatiiig Oas, or coal-gas, is the product of the distillation of coal 
in closed retorts. The quantity of gas produced is generally io,cx)0 cubic 
feet per ton of coal distilled. The gas-companies undertake to supply gas 
of 16 candle-power, or gas giving a light equal to that of 16 sperm-candles 
burning 120 grains of sperm per hour, the consumption of gas being 5 
cubic feet per hour through an approved burner. 

Q«nerator-Gafl is the product of the furnaces in which coke is gasified 
for heating retorts in coal-gas works, wherein the carbon of the solid fuel is 
transferred into carbonic-oxide by combination with atmospheric oxygen. 

Water-Oas is formed by the combustion of carbon in aqueous vapour 
or steam. 

UemeBJi-Oaa is a mixture of illuminating and generator gases, pro- 
duced in the ordinary generators by the gasification first of coal, and after- 
wards of the coke resulting therefrom. 

Generator- Water-Oas is produced when steam and air together are 
admitted to an ordinary coke-generator, as is often done in the usual way 
of working. 
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Prodnction of Oas. — Illuminating gas, like water-gas, is produced by 
^he extraneous heating of the generating apparatus, either through the 
heating of retorts from the outside, or from the bottom of the generator 
respectively. The evolution of the gases themselves does not develop heat, 
and the gases are produced at a low temperature. The three other gases 
are formed in conjunction with a development of heat. They do not require 
external heating, and are consequently made by a simple selfacting process. 

Composition of Gasoous-FueLi. — The chemical constitution of these five 
descriptions of gases, as determined by Dr. Bunte, is in round numbers as 
follows, their percentage being in volume : — 

Table 16. — Composition and Heating-Power of Gaseous-Fuels. 



Constituents. 


Illumi- 
nating- 
Gas. 


Genera- 
tor-Gas. 


Water. 
Gas. 


Siemens ^^'^ 
Gas. Wa^'- 


Carbonic oxide .... 

Hydrogen 

Marsh-gas 

Heavy hydrocarbons . . . 
Carbonic acid, nitrogen, etc. 


90 

47-0 

5-0 

lOO'O 


343 
67-7 

lOO'O 


50*0 
50*0 

— 7 

— ) 

lOO'O 


20-0 
60 

20 

72-0 

loo-o 


38-0 

I2-0 

I- 

50*0 
lOO'O 


Calorific Value (Calories) per Unit of Bulk. 


Carbonic oxide . ... 

Hydrogen 

Marsh-gas 

Heavy hydrocarbons . 

Heating power per cubic") 
metre of gas . . . ) 
Comparative value as fuel. 


275 

1209 
2916 
nil 

55II 
5-3 


1048 

1048 

I 


1527 
1286 

2813 
27 


611 
154 

280 

1045 

I 


II6I 

309 
1470 

I- 



Heating Power of Oaeeous-Fnelfl. — It will be seen from the above 
Table that the heating power of water-gas is only about one-half that of coal- 
gas, and that of generator-water-gas is only about one-half that of water-gas. 
The superiority of illuminating gas and water-gas is due to their high per- 
centages of hydrogen, which is more than 30 times superior in inflammability 
and burning power to carbon monoxide. A considerable portion of the 
heating effect of coal-gas is due to the heavy hydrocarbons contained in it. 

The heating power of ordinary coal-gas is from 630 to 700 heat-units per 
cubic foot of gas. As 30 cubic feet of coal-gas at 62° Fahr. weigh i lb. 
the heating power of ordinary coal-gas of average quality i$ = 630 x 30 = 
18900 heat-units per pound of gas. 

The heating power of water-gas being one-half that of coal-gas is = 
630 .4-2 = 315 heat-units per cubic foot of gas. 
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The temperature produced by the flame from a properly proportioned 
mixture of coal-gas and air is about 3670° Fahr., and that of water-gas is 
about 4900® Fahr. 

Vatural Qmm, — Natural gas, or that issuing from wells of mineral oil, 
18 composed, on an average, of hydrogen 23 per cent., marsh-gas 67 per 
cent., and 10 per cent, of other bodies. One thousand cubic feet of this 
gas are equal in heating-power to one-half a cwt. of good bituminous-coal. 

Bteam-Bailam Fired with Oasaoiui-FiioL — When gas is employed 
for heating a steam-boiler, it is necessary to employ a furnace specially 
arranged for the purpose. The quantity of gas required, in a multitubular- 
boiler with special furnace, to generate the steam necessary for the develop- 
ment of one indicated horse-power per hour in a good engine is as follows : — 

Coal-Gas . . .20 cubic ft. I Natural-Gas . . 50 cubic ft. 
Water-Gas . . . 40 ,» » I Generator Water-Gas . 80 „ „ 

These are the minimum quantities required on an average with well- 
arranged burners. 

Uqiiid-FneL — Dquid-fuel gives special facilities for the development 
and maintenance of intense steady heat, for the quick control of the applied 
heat, and for the rapid generation of steam. 

Liquid-fuels, such as petroleum, petroleum-refuse, tar, and creosote-oil or 
tar-refuse, have a much higher calorific power than coal, because they 
contain a much larger quantity of hydrogen. 

Petroleum is a natural hydrocarbon oil, having, in its crude state, a 
calorific power one and a half times as great as that of coal. Petroleum 
oil is obtained by distillation from petroleum. Its calorific power is from 
two and a half to three times as great as that of coal. 

The best petroleum fuel-oil has a specific gravity of '818, and weighs 10 
pounds X *8i8 =8'i8 pounds per gallon. Its composition averages as 
follows : — 

Carbon 85*34 

Hydrogen 13-51 

Oxygen and impurities 1*15 

lOO'OO 

It contains about three times as much hydrogen as is contained in good 
coal. 

The theoretical heating power of this fuel-oil is 20822 thermal units, and 
it has a theoretical evaporative power = 20822 -f- 966 = 21-56 pounds of 
water, from and at 212° Fahr., per pound of oil. Its actual evaporative 
power in practice is from 15I to 17 pounds of water, from and at 212® Fahr., 
per pound of oil. Its flashing-point is about 217^ Fahr. 

In a general way, 104 gallons, or 104 x 8*i8 =851 pounds, of this oil are 
equal in evaporative power to one ton of good coal. 
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Xttthod of Burning Fu«M>iL — Petroleum fuel-oil is burnt, in a boiler 
furnace, in the form of spray, after being pulverised or atomised by steam 
or compressed air. It cannot be burned in an ordinary furnace as arranged 
for coal-buming, because it makes an enormous quantity of smoke, which 
coats the water-heating surfaces with a sticky, sooty, non-conducting deposit. 

To prevent the production of smoke it is necessary to burn the oil with a 
large supply of air in a furnace so arranged as to accumulate heat, or in a 
muffle-like, brick-lined chamber. The high temperature of the chamber 
prevents cooling of the gases and partial extinction of flame. 

When the oil is sprayed into a furnace of this kind, practically complete 
combustion may generally be obtained without the production of soot. 

Air Baqnired for tho Comlmstion of Fnel-Odl. — ^The quantity of air 
required for the complete combustion of fuel-oil is at least one-third greater 
than that required for good coal. The minimum quantity of air that should 
be provided in practice is 22 pounds of air per pound of oil, but it is 
generally necessary to provide a larger quantity than this, in order to prevent 
the production of smoke. 

Table 17,* — Chemical Composition and Theoretical Evaporation of 
Petroleum-Fuel compared with Coal. 







Specific 
Gravity at 


Chemical Compositton. 




Description of Fud. 








! 






3a" Fahr. 
water = I. 


Carbon. ; Hydrogen. 1 Oxygen. 






percent, ' percent, percent. 




Pennsylvanian heavy crude oil . 


.886 


849 j 137 


1 l'4 




Caucasian light crude oil . 


•884 


86-3 136 


O'l 




Caucasian hea\7 crude oil . . . 


•938 


86-6 : 12-3 


I'l 




Petroleum-refuse 


•938 


87*1 117 


1-2 


> 


Good English coal, mean of 98 samples 


1380 


8o-o 5-0 


8-0 










Theoretical Evapora- 


; 








tion in pounds of water 


■ 






Heating 


per pound of fuel 


, 




Siwdlic 
Gravity «t 
3.' FiJir. 


power in 
I hernial 


From and 


Ate* 

Atmos- 








units. 


at 


pheres 
effective 


i 








ata* Fahr. 










pressure. 






water = I. 


units. 


lbs. 


lbs. 


' 


Pennsylvanian heavy crude oil 


•886 


20736 


21-48 


17-80 ' 




Caucasian light crude oil ... 


•884 


22027 


2279 


l8-QO 




Caucasian heavy crude oil . 


•938 


20138 


20-85 


17*30 




Petroleum-refuse 


•928 


19832 


2053 


17*10 ■ 


', 


Good English coal, mean of 98 samples 


1-380 


I4II2 


14-61 


I2-I6 ' 

1 



• The Author is indebted for this Table and for engravings of the apparatus for burn- 
ing petroleum- fuel, to a paper read before the Institution of Mechanical Engineers, by 
Mr. Thomas Urquhart, Locomotive Superintendent, Grazi Tsaritsin Railway, South- East 
Russia. 
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-Boilers Fired with Idqnid-Fuel. — As a steam-boiler well 
arranged for the combustion of petroleum fuel-oil should produce no soot, 
the tubes may be of smaller diameter than is necessary for coal, and the 
heating surface of the boiler maybe increased to the extent of from 33 to 50 
per cent. 

In a general way, a boiler fired with this oil may be from one-third to one- 
fourth smaller than one fired with coal, and still possess the same evaporative 
power, with the same strength of draught. 

Petrdlenni-Sefiuie or AstaM is the dead oil or refuse left in the stills 
after the crude oil has been refined. It makes an excellent fuel for steam- 
boilers. A system of burning this and other liquid fuels has been devised 
and brought to great perfection by Mr. Thomas Urquhart. The com- 
position, heating-power, and evaporative power of different kinds of liquid 
fuel used on his locomotives are given in Table 1 7. 

The flashing point of petroleum-refuse is about 212° Fahr. The highest 
evaporative duty of the petroleum-refuse used in Mr. Urquhart's locomotives 
is 14 pounds of water per pound of fuel. The theoretical evaporative value 
of this fuel is 17*1 lbs. of water per lb. of fuel ; the actual efiiciency of petro- 
leum-refuse is therefore =14 lbs. -f- 1 7* i lbs. = 82 per cent, of the theoretical 
efficiency. This shows that the combustion is very complete, and that the 
apparatus for effecting the combustion of the fuel is practically perfect. 

Urquhart's Spray-Zi^jector for Liqnid-FneL — Urquhart's spray- 
injector is shown in Fig. 3. It is placed outside the fire-box, and its nozzle 
is connected to the fire-box by a tube in the water-space. The orifice 
through which the pretroleum flows is adjustable. It can be readily swept 
out by the steam in case of the outlet becoming choked. 




Fig. 3. — Urquhart's liquid-fuel- injector. 



The regenerative or accumulative combustion-chamber used by Mr. 
Urquhart for six-wheeled goods and passenger locomotive engines is shown 
in Figs. 4 and 5. The bottom portion of the fire-box is lined with brick 
walls covered in by an arch, as clearly shown in the engravings. 

Creoflote-Oil is the heavy oil from the distillation of coal-tar. It varies in 

S.B.C. D 
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composition, and has a less evaporative value than petroleum. The 
composition of creosote is from 78 to 82-5 of carbon, 6 to 10 of hydrogen, 

and 75 to 16 of oxygen. 




^*°«8gggg°gg8°S^ 
-<'8g8sK28sS° 





RtraUum. 



Fig^;. 4 & 5. — Urqdhan's combustion-chamber for burning liquid-fueL 

Soldeu's System of Burning Liquid-FueL — In this system a liquid 
fuel is employed compost: (1 of i part creosote oil and 2 parts ordinary gas 
tar. The fire-grate is covered with a layer of chalk on which a thin fire of 
<;oal is placed to assist the combustion of the liquid-fuel. The liquid-fuel is 
injected into the fire-box by the injector shown in Fig. 6. The ordinary 
form of locomotive fire- bos with a brick-arch is employed for burning the 
liquid-fuel, as shown in Fi^. 7. One injector is placed on each side of the 
fire-box, below the level of the fire-door. 




Fif . 6, — Holden's injector for liquid-fuel. 



The evaporative efficiency of boilers employing this system of burning 
liquid-fuel is about one-fminh greater than that obtained when burning coal. 

Steam used in Fnlverising Fnel-Oil. — The system of effecting com- 
bustion by pulverising the oil with steam involves the expenditure of a con- 
siderable quantity of steam. From 8 to 13 per cent, of the total quantity of 
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steam produced by the boiler is expended in atomising the oil, or converting 
it into spray. 

Combustion. — The elements of combustion are carbon, hydrogen, 
nitrogen, and oxygen. 

Carlnm, the basis of most fuels, is a finely divided pulverulent mineral 
substance in its natural state. 
It is obtained from coal in the 
form of coke ; from wood as 
charcoal ; and from oil-lamps as 
lamp-black. Carbon is con- 
sidered as the next most abun- 
dant body in nature to oxygen. 
The carbon of fuel produces 
the glowing heat of combustion, 
and the purer the carbon the 
more intense the heat. 

Hydrogen, the source of all 
common flame, is a permanent 
but combustible gas. It is the 
lightest known body in nature, 
being sixteen times lighter than 
oxygen. When combined with 
sulphur it becomes explosive. 

Hitroi^en does not support 
combustion and does not bum, 
but passes through fire without 
chemical alteration. It is lighter 
than air, and has no taste or smell, 
tion and lowers their temperature. 

Ozsrgen is a permanent, colourless, transparent gas, without smell. It is 
i'io6 times heavier than air, and is the supporter of combustion, for which 
purpose it is supplied from the atmosphere. 

Atmosplierio Air is a mechanical mixture of oxygen and nitrogen in 
the proportion of i pound of oxygen to 3 J pounds of nitrogen, or by volume 
I cubic foot of oxygen to 4 cubic feet of nitrogen. Nitrogen being a 
neutral gas is present simply as a diluent. 

A cubic foot of air weighs -08072 lb. at 32° Fahr., and -076098 lb. at 62° 
Fahr. The volume of air is 12*386 cubic feet at 32° Fahr., and 13*14 cubic 
feet at 62° Fahr. under the pressure of one atmosphere, or 14-7 lbs. per 
square inch. 

A Xeclianical Mixture is one in which the substances have been 
brought together, but each retains its original qualities, such as heat and 
water in steam, or sand and water, all of which can be readily separated and 
restored again to their original state. 

Clieaiical Combinations. — When t>K'o bodies unite to form a third body 



Fig. 7. — Holden's sjrstem of burning liquid-fuel. 



It dilutes the products of combus- 
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distinct from either of the combining bodies, this is called chemical union. 
All substances combine chemically in certain fixed proportions, both in 
volume and weight, which are termed their chemical equivalents, combining 
volumes, or atomic weights ; some of which are given in the following table : — 

Table i8. — Atomic Weight of the Prinxipal Elementary Con- 
stituents OF Fuel. 





Symbol. 


Combinbg Equivalents. 


Element. 


By Volume. | By Weight. 


By Weight. 


Oxygen 

Hydrogen . . . 

Carbon 

Nitrogen . . . 

Sulphur 



H 
C 

N 
S 


1 8 
I 1 

I 6 

14 

... , i6 


ICO 
12-5 

75 
175 

200 



Chemical combinations are accompanied by elevation of temperature; 
the intensity of the heat evolved depending upon the rapidity of the com- 
binations. 

Products of Chemical Combinations. — The combination of one atom 
of oxygen with one atom of hydrogen produces water ; and the combination 
of two atoms of oxygen with one atom of carbon produces carbonic acid. 
Taking the combining equivalents from the above table, one atom, or 12*5 
lbs., of hydrogen combining with one atom, or loo lbs., of oxygen, forms 
I2'5 -f 100 = II 2*5 lbs. of water. One atom, or 75 lbs., of carbon, com- 
bining with two atoms, or 100 x 2 = 200 lbs., of oxygen, forms 75 4- 200 = 
375 lbs. of carbonic acid. 

The heat evolved by these combinations is 12,906 units for each pound of 
carbon, and 62,535 units for each pound of hydrogen, according to Dulong. 
One atom, or 75 lbs., of carbon combining with one atom, or 100 lbs., 
of oxygen form 75 4- 100 =175 lbs. of carbonic oxide : the heat evolved 
per pound of carbon being 2,495 units, or only about one-fifth that of 
carbonic acid, according to Dulong. Two atoms of nitrogen, or 175 x 2 
= 350 lbs., combining with one atom, or 100 lbs., of oxygen, form 350 -h 
100 ^ 450 lbs. of atmospheric air. 

Tamparatnre of Ignition of Fnels. — Some fuels ignite at a tempera- 
ture of 637° Fahr., and others at from 700° to 950° Fahr. At a temperature 
of 750° Fahr. some fuels become luminous and emit a dull-red heat. The 
igniting temperatures of good coal from different districts generally average 
as follows : — 





• Fahr. 




•Fahr. 


Gaseous coal ignites at . 


. 700 


Durham coal ignites at . 


790 


Scotch coal „ . 


. . 760 


Derbyshire coal „ . . . 


800 


Newcastle coal „ 


. 770 


Yorkshire coal „ 


810 


Lancashire coal „ . 


. . 780 


Welsh coal 


87s 


Staffordshire coal „ 


.785 


Anthracite 


925 
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The igniting temperature varies with the quality of the coal. 

Comliiuitionv or burning, is chemical combination, or the rapid union of 
any oxidisible substance with oxygen. Combustion cannot be efficiently 
maintained at a lower temperature than 800^ Fahr. Combustion requires 
heat, air, space, and time. 

Gases are combustible only in proportion to the degree of mixture which 
is effected between them and the oxygen of atmospheric air. There is con- 
siderable disproportion between the volumes and weights of gases. For 
instance, an atom of hydrogen is double the volume of an atom of carbon- 
vapour, but the latter is six times the weight of the former. An atom of 
hydrogen is double the volume of an atom of oxygen, but the latter is eight 
times the weight of the former. An atom of nitrogen is double the volume 
of an atom of oxygen, but in weight it is as 14 to 8. 

Fnel-Oases. — ^The constituents of the gas disengaged from coal by heat 
are hydrogen and carbon ; they unite and form two gases, viz., carburetted 
hydrogen and bicarburetted hydrogen, commonly called olefiant gas. 

Carburetted hydrogen gas consists of two volumes of hydrogen and one of 
carbon-vapour, the volume of these three being condensed into that of a 
single atom of hydrogen, or into two-fifths of their previous volume. Bi- 
carburetted hydrogen consists of two volumes of hydrogen and two of 
carbon-vapour, the volume of these four gases being equal to that of a single 
atom of hydrogen. The other ingredient of combustion, atmospheric air, 
is composed approximately of two atoms of nitrogen and one atom of 
oxygen, each of the former being double the volume of an atom of the 
latter, while their relative weights are as 14 to 8. 

The constituents of coal-gas are condensed into two-fifths of their gross 
volume, but this is not the case with air, an atom of which is the same, both 
in volume and weight, as the sum of its constituents. The oxygen bears a 
proportion in volume to that of the nitrogen as i to 5, there being approxi- 
mately only 20 per cent, of oxygen in atmospheric air and 80 per cent, of 
nitrogen. 

In the Comlnuition of Coal the bituminous portion is convertible 
to the purposes of heat in the gaseous state only, and the carbonaceous 
portion is combustible only in the solid state ; neither can be consumed 
while they remain united. The processes incident to the combustion of 
these two portions will now be considered separately in order to simplify 
the explanation. 

Comlmstion of the Oaseone portion of CoaL — When heat is applied 
to coal, resulting in lighting the gas when duly mixed with air, the hydrogen 
separates from the carbon and unites with oxygen, the produce of which is 
water. 

The saturating equivalent of an atom of hydrogen is one-half its 
volume of oxygen, the product being aqueous vapour ; the relative weights 
of the combining volumes being one of hydrogen to eight of oxygen ; the 
volume when combined being two-thirds of that of both taken together. 
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The carbon on meeting its equivalent of oxygen unites with it, forming 
carbonic acid gas, composed of one atom of carbon, by weight 6, and two 
atoms of oxygen, by weight i6, the latter being double that of the former 
in volume. 

The quantity of oxygen required for the saturation of the two con- 
stituents of coal-gas to effect perfect combustion, is determined by their 
chemical constituents. The quantity of atmospheric air required to supply 
the oxygen is found from the proportion which oxygen bears in volume to 
that of the air, five volumes of the latter being required to produce one 
volume of the former, and as two volumes of oxygen are required for each 
volume of coal-gas, ten volumes of air are required to produce these two 
volumes. 

Combustion of the Carbonaoeoiui portion of Coal* or that portion 
remaining in a solid form on the fire-grate after the gaseous matter has been 
evolved. Carbon unites with oxygen in two proportions, by which two 
distinct bodies are formed : first, carbonic acid ; second, carbonic oxide. 
Carbonic acid is a compound of one atom of carbon with two atoms of 
oxygen ; carbonic oxide is composed of the same quantity of carbon with 
only half the above quantity of oxygen, but it has the same volume as 
carbonic acid. 

The proportions of these compounds arc usually expressed as follows: — 



Symbol. 

Carbonic oxide, C O 
Carbonic acid, C O, 



Parts by weight. 

Carbon. Oxygen. 

12 . .10 



13 



3^ 



The direct effect of the union of carbon and oxygen is the formation of 
carbonic acid. If, however, one of its portions of oxygen be abstracted, 
the remaining portions would then be those of carbonic oxide. If a second 
portion of carbon be added to carbonic acid the result would be the same, 
or carbon and oxygen combined in equal proportions as in carbonic oxide. 
By the addition then of a second portion of carbon two volumes of carbonic 
oxide will be formed, which, if they cannot find the oxygen required to com- 
plete their saturating equivalents, will pass away only half consumed, a 
circumstance which is constantly taking place in all furnaces where the air 
has to pass through a body of incandescent carbonaceous fuel. 

If the carbonaceous constituent of coal while at a high temperature en- 
counters carbonic acid, this latter, taking up an additional portion of carbon, 
is converted into carbonic oxide and again becomes a gaseous and invisible 
combustible. 

The most prevailing operation of the furnace, however, and by which the 
largest quantity of carbon is lost in the shape of carbonic oxide is the 
following : — The air, on entering from the ash-pit, gives out its oxygen to the 
glowing carbon on the fire-grate, and generates much heat in the formation 
of carbonic acid. This acid, necessarily at a very high temperature, passing 
upwards through the body of incandescent solid matter, takes up an addi- 
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tional portion of the carbon and becomes carbonic oxide. Thus, by the- 
conversion of one volume of acid into two volumes of oxide, heat is absorbed! 
and the portion of carbon taken up during conversion is lost. 

Carbonic oxide gas, by reason of its already possessing one half its- 
equivalent of oxygen, inflames at a lower temperature than ordinary coal- 
gas ; the consequence of which is, that the latter on passing into the flues^ 
is often cooled down below the temperature of ignition ; while the former 
is sufficiently heated even after having reached the top of the chimney and 
is there ignited on meeting the air. This is the cause of the flame fre- 
quently seen at the tops of chimneys and funnels. 

If the carbon either of the gas or of the solid mass of coal on the fire- 
grate passes away in any other form than carbonic acid, the result is a 
commensurate loss of heating effect. 

Air to support Combiuition. — It will be seen from the foregoing ex-^ 
planation, that the air required to support combustion must be delivered in 
two distinct ways, viz., above the fire to effect the combustion of the 
bituminous or gaseous portion of the coal, and below the fire-grate to effect, 
the combustion of the solid carbonaceous portion resting on the fire- 
grate. 

It was found in one case that by altering the furnace to give a better 
supply of air above the fire, the evaporative power of the fuel was increased 
20 per cent. 

With a supply of unvitiated atmospheric air containing 20 per cent, of 
oxygen, 10 cubic feet of air are required to supply 2 cubic feet of oxygen 
to effect the combustion of i cubic foot of coal-gas. It is necessary to 
provide the air in such a manner as to ensure a pure supply without deficiency 
of oxygen. 

Many experiments have been made to determine the saving to be gained 
by heating the air before it enters the furnace, the results of which show 
that a saving in fuel of from 4 to 8 per cent, may be obtained by heatings 
the air to a temperature of from 150° to 300° Fahr. 

Thm Weight of Atmospherio Air required to support combustion in 
the furnace of a steam-boiler varies with the amount of the constituent 
hydrogen and carbon of the fuel. It may be calculated from Table 1 8 as. 
follows. — Hydrogen in burning produces water composed of 12*5 -s- 
(i2'5 -h 100) = '112 lb. of hydrogen, and 100 -7- (12*5 -h 100) = '89 
lb. of oxygen per pound of water : and one pound of hydrogen requires- 
•89 -5- -112 = 8 lbs. of oxygen. 

The source of oxygen, as the supporter of combustion, is atmospheric 
air, one pound of which only contains 100 -f- (175 x 2 atoms -h 100) = 
•223 lb. of oxygen per pound of air. Therefore, to obtain 8 lbs. of oxygen 
from the air to support the combustion of the hydrogen, 8 lbs. -5- '223 lb, 
= 3578 lbs., or say 36 lbs. of atmospheric air are required. 

Carbon in burning produces carbonic acid, composed of 75 -f- (75 + 200) 
== -273 lb. of carbon, and 200 -f- (75 + 200) = 728 lb. of oxygen per 
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pound of carbonic acid, and one pound of carbon requires 728 -7- '273 = 
2*667 lbs. of oxygen. Therefore, the quantity of air required to support the 
combustion of the carbon is, 2*667 -5- '223 lb. of oxygen per pound of air, 
= 11*96 lbs., or say 12 lbs. of atmospheric air. 

The weight of a cubic foot of air at the standard temperature, 62° Fahr. 
is '076098 lb. ; hence one pound of hydrogen requires 35*87 -7- "076098 = 
471*44, or say 472, cubic feet of air; and one pound of carbon requires 
11*96 -5- 076098 = 157*16, or say 158, cubic feet of air for combustion. 

This is the minimum theoretical quantity chemically consumed by each 
combustible, and the weight of air in lbs., W, theoretically required for the 
combustion of any kind of fuel, may be found according to the above data 
by the following formula: — 

oxygen n\ 



W = (12 X % carbon) + 



(36 X [7o 



hydrogen 



Example : What quantity of air is theoretically required for the com- 
bustion of coal containing *8 carbon, *o5 hydrogen, and -08 oxygen? 

Then the deduction to be made from the constituent hydrogen is = '08 
•4- 8 = 'oi, and (12 x *8 carbon) + 36 ('05 — 'Oi) = 9*6 + 1*44 = 11*04 
lbs. the weight of air theoretically required for the combustion of one pound 
of this coal. 

The volume of air in cubic feet, V, theoretically required for the combus- 
tion of any kind of fuel may be found by the following formula : — 

V = (158 X % carbon) + (472 x [% hydrogen - ^^?^]). 

Applying this formula to the coal described in the previous example, — 
Then (158 x '8 carbon) + 472 (-05 — -oi) = 126*4 + 18*88 = 145-28 
cubic feet, the volume of air theoretically required for the combustion of one 
pound of this coal. 

The weight of air required in practice to support combiurticn 
is much larger than that theoretically required, in order to effect complete 
combustion, and prevent the formation of carbonic oxide instead of 
carbonic acid. Complete combustion can be obtained with a supply of air 
not greater than fifty per cent, in excess of the quantity necessary for 
theoretical combustion with natural draught, but it is usual to provide 
double the quantity of air theoretically required. 

On this basis, calculating, for example, the volume of air for coal com- 
posed of *83 carbon, and *04 available hydrogen, then (*83 x 158 cubic 
feet x 2) + (-04 X 472 cubic feet x 2) = 300 cubic feet of air at 62** 
Fahr. are required for each pound of coal consumed with natural draught. 

The weight of air per pound of fuel necessary in practice for different 
kinds of fuel, to secure sufficient dilution of the gases to effect their 
combustion, both with natural or ordinary chimney draught and with forced 
draught, is given in the following Table. 
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Table 19. — Quantity of Atmospheric Air required in Practice 
FOR THE Combustion of One Pound of different Fuels. 



Description of Fuel. 



Petroleum .... 
Creosote, or Tar-Refuse . 
Coal-Gas .... 
Coal, average .... 
Coal, best, very carefully stoked 
Charcoal .... 

Patent Fuels, average . 

Coke 

Coal-Gas .... 

Peat, well-dried 

Peat, moderately dry . 

Sawdust, dry . 

Wood, well-dried . 

Straw, dry .... 

Wood, moderately dry . 



Air required for com- 


Air required for com- 


bustion with natural 


bustion with forced 


draught. 


draught. 




1 Weight 


Cubic fct 


Weight 
in lbs. 


Cubic fert 


inlUs. 


.t 62° Fahr. 


at 63° Fahr. 


36 


474 


30 


394 


32 


434 


24 


316 


29 


382 


22 


290 


, 24 


316 


18 


237 


17 


224 


16 


210 • 


23 


303 


ips 


227 


22 


290 


165 


217 


21 


275 


1575 


207 


16 


211 


— 


— 


1 16 


211 


12 


158 


13 


170 


975 


128 


; '3 


170 


975 


128 


' 12 


158 


9 


119 


11 


145 


8-25 


109 


1 10 132 


7-5 


99 



When the supply of air is greater than is required to ensure complete 
combustion, it lowers the temperature of the furnace and carries heat to 
waste among the products of combustion. 

S^at of eombJuMon, or the calorific power of fuel, is expressed by the 
number of thermal units developed by one pound of the combustible in 
burning. The quantity of heat evolved by each of the elements of combus- 
tion has been accurately determined by experiment, and forms a correct 
basis for calculations of the calorific value of fuels. 

The calorific power of numerous combustibles is given in Table 20, 
which also contains the equivalent quantities of water which would be 
evaporated from and at 212^ Fahr. per pound of the combustible. These 
quantities of water are obtained by dividing the units of heat evolved by 966, 
which is the number of units of heat absorbed by water supplied at 212° 
Fahr., and evaporated at the same temperature. It will be seen that the 
heat of hydrogen, according to Favre and Silbermann, is 62032 -f- 14544 
= 4*265 times as great as that of carbon. Therefore hydrogen x 4*265 
will represent an equivalent amount of carbon. 

Oxygen exists in fuel in combination with the hydrogen in the form of 
water, and abstracts its combining equivalent of hydrogen from the consti- 
tuents of the fuel ; therefore a deduction equal to one-eighth of the con- 
stituent oxygen must be made from the constituent hydrogen in calculating 
the calorific power of fuel. 
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Taking the carbon, hydrogen, and oxygen at their percentage of the fuel,, 
the heat of combustion may be found by the following formula. 
Heat of combustion in thermal units, U : — 

U = 14544 X J% carbon + 4-265 x ^7^ hydrogen - Vo^^p^) } • 

Water evaporated in pounds from and at 212^ per pound of fuel, W : — 

W = ^6^ ^ { °/°^"''°'^ + *'^^5 X (% hydrogen - 7o— r") } ' 

Example. Required the heat of combustion, and the equivalent 
quantity of water evaporated from and at 212° Fahr., of coal composed of 
•82 carbon ; "054 hydrogen ; "072 oxygen ? 

Then '072 -7- 8 = '009, the deduction to be made from the constituent 
hydrogen, or that portion which forms steam with the constituent oxygen^ 
And '054 — -009 = '045 X 4*265 = '191 + "82 = I'oii X 14544 = 14704 
units, the heat of combustion. 

Again, -054 — -009 = -045 x 4-265 = 191 + '82 = I'oii x (14544- 
-5- 966) = 1 5' 2 2 lbs. of water evaporated per pound of fuel from and at 
212° Fahr., the maximum theoretical evaporative power of this fuel. 

When the water is supplied at 62° Fahr. divide by 1116 instead of 966. 

If Dulong's value for the hydrogen and Peclet's value for the carbon be 
taken, then, the heat of the hydrogen is 62535 -7- 14500 = 4*31 times as 
great as that of carbon. Then 14500 -=- 966 =15 lbs. of water, the 
equivalent evaporation, and on this basis the heat of combustion is. 
obtained by the following formula : — 

Calorific power of fuel in thermal units, U : — 

U = 14500 X J% carbon + 4-31 x (Vo hydrogen - 7o-^8^) } ' 

Evaporative power of fuel in pounds of water evaporated per pound of 
fuel from and at 212° Fahr. W : — 

W = 15 X J7, carbon + 4*31 x (% hydrogen - 7o^-^^) } • 

Applying these rules to the previous example, the result is = '045 x 4*31 
= '194 hydrogen + '82 carbon = 1*014 x 14500 = 14703 units, the heat 
of combustion, or maximum calorific power of the fuel; and i'Oi4 x 15 = 
1 5*2 1 lbs. of water, or about the same result as that obtained by the 
previous formula. 

Although the above formulae are generally used for calculating the 
calorific power of fuel, they are not strictly correct because no deduction 
has been made from the hydrogen for the heat absorbed by the internal 
work done in vaporisation. The total heat developed by hydrogen in 
combination with oxygen, according to Favre and Silbermaijn, 62032 ; this. 
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includes the heat absorbed or that becomes latent in vaporising the water 
formed. One lb. of hydrogen burns to 9 lbs. of water in a gaseous state, 
which, if condensed at 212^ Fahr., would yield 996 x 9 lbs. = 8694 units 
of heat, so that the available or effective heat, in the gaseous state, is = 
62032 — 8694 = 53338 units. 

In ordinary calculations the sulphur of the fuel is usually neglected, but 
in exact calculations it is necessary to include the heat developed by the 
sulphur, which may be found by multiplying the percentage of sulphur by 
4032, its calorific power from Table 20. Take, for example, coal containing 
•78 carbon, 05 hydrogen, '09 oxygen, and '02 sulphur. Then the oxygen 
in the coal will combine with '09 oxygen -5- 8 = '0112 hydrogen, leaving 
•05 — -0112 = -0388 hydrogen in excess, to develop heat. 

The calorific power of 1 lb. of this coal is : — 

Carbon 78 x 14544= 1 1345 units. 

Hydrogen, uncombined with oxygen . '0388 x 53338 = 2070 „ 
Sulphur . . . . . . '02 X 4032 = 81 „ 

1349^ " 

of heat, and it will evaporate 13496 -r- 966 = 13*97 lbs. of water from and 
at 2i2''Fahr. 

Taking Favre and Silbermann's value for the carbon, the heat of 
hydrogen is 53338 -^ 14544 ^ 3*668 times as great as that of carbon; the 
heat of sulphur is 4032 -^ 14544 = '28 that of carbon, and the formula 
become as follows : — 

Heat of combustion or calorific power of fuel = 14544 X 7o carbon -f- 
3-668 X (% hydrogen - 7o-^^^) + 7o sulphur x -28]. 

Evaporative power of fuel from and at 212^ Fahr. = 15*06 x % carbon 
+ 3-668 X (Vo hydrogen - 7o-™5) + o/^ sulphur x -28]. 

Applying these rules to the previous examples, the result is = '0388 
hydrogen x 3*668 = '1424 + '78 carbon -f- (*02 X '28) = "0056 sulphur 
='928 X 14544 = 13496 units of heat in i lb. of the coal, and its evapora- 
tive power is '928 X i5'o6 = 13*97 lbs. of water from and at 212** Fahr. 

Calorimeter for determining the Caloriilo Power of Coal. — 
The simplest apparatus for determining the heating-power of coal is 
the small brass calorimeter shown in Fig. 8. The tube A is filled with a 
mixture of coal, potassium chlorate, and potassium nitrate, which is lighted 
by means of a fuse. The cylinder B is placed over the tube A, and is held 
in position by spring-clips ; near the bottom of this cylinder are two rows of 
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holes of one thirty-second of an inch in diameter, and at the top is a small 
tube and air-cock. The outer cylinder contains a known weight of water, 
and is fitted with sockets to hold a thermometer. 

In testing a sample of coal, 2 grammes of pulverised coal are thoroughly 
mixed with 7-5 grammes of potassium chlorate, 
and 2 '5 grammes of potassium nitrate. This 
mixture is rammed in the tube A, and a fuse, 
consisting of a small piece of filter-paper coated 
with a mixture of the chlorate and nitrate of 
potassium, is inserted. The tube A is then placed 
in its socket, the fuse lighted, the cylinder B is 
slipped into its place, the air-cock being closed, 
and the whole is placed under water in the outer 
cylinder. As combustion takes place in the tube 
A, the gases find their way through the small 
holes in the cylinder B, and thence up through 
the water, giving up most of their heat to it. 
When the combustion is completed, which is 
indicated by the cessation of bubbles of gas, the 
air-cock is opened, and water flows into the 
cylinder B through the small holes therein, and 
cools the firing-tube A. Then, by moving the 
cylinder B up and down, the water is thoroughly 
agitated and its temperature rendered uniform. 
The heating-power of the coal is determined 
from the weight of coal and water, and the initial and final temperature of 
the water ; allowance being made for the heat taken up and radiated by 
the metal of the calorimeter, and for the heat of combustion of the fuse. 

The Calorifio Power and Theoretical Evaporative Power of 
Pnels are given in the following Table : — 

Table 20. — Calorific Power, and Theoretical Evaporative Power 

OF Combustibles. 




Fig. 8.— Calorimeter for testing 
the heating power of coaL 



Description of Combustible. 



I Calorific 
Power, or 

i Units of 
Heat deve> 

I loped per 
Pound of 

I Fuel. 



' Evapora-i 
I live Powerl 
I in lbs. of ; 

Water 
evaporated 

to bteam, 
from and at 

aia' Fahr. 



Hydrogen burning to water . . . (Dulong) 
Ditto, ditto (Favre and Silbermann) 

Marsh-Gas ... „ „ 

Petroleum, light 

Ditto, heavy 

Petroleum Medium Quality 

Paraffin 

Olefiant Gas .... (Favre and Silbermann) 




HEATING-POWER AND EVAPORATIVE- POWER OF FUELS. 45 



Table 20 continued. — Calorific Power and Theoretical Evaporative 
Power of Combustibles. 



Descripdon of Comtmstible. 



Coal-Gas . 
Olive-Oil 
Naphtha-Refuse 
Olive-Oil 
Wax . 



Average 
(Lavosier) 



(Dulong) 



Sperm . ......... 

Turpentine . . (Favre and Silbermann) 

Ditto (Dulong) 

Solar-Oil 

Colza-Oil 

Linseed-Oil 

Neatsfoot-Oil 

Whale-Oil 

Tallow 

Stearine 

Shale-oil 

Creosote, or Tar-Refuse 

Creosote-Oil, from Tar-Refuse, averages . . 

Sulphuric Ether 

Asphalte 

Welsh Coal, Best . Average of 24 Samples 

Ditto, Aberdare . . „ 12 „ 

Ditto, Penrikyber 

Ditto, Powell-Duffryn's 

Ditto, Good Ordinary . Average of 24 Samples 
Welsh Steam-Coal of Medium Quality, Averages 
Newcastle Steam-Coal Average of 18 Samples 

Ditto, of Good Quality . . Averages 

Lancashire Steam-Coal Average of 24 Samples 

Derbyshire Steam-Coal . . „ 18 „ 

' Yorkshire Steam-Coal „ 12,, 

: Steam-Coal, English, Average of a large number of 

I Samples 

1 Slack, Good Clean Rough, English . . Averages 

Scotch Steam-Coal . . Average of 12 Samples 

j Ditto, Average of a large number of Samples 

Half Coke and half Newcastle Small Coal . 

I Half Welsh Coal and half Newcastle Coal . . . 

j Newcastle Steam-Coal, small, good quality . Average 

Coke, good quality .... Averages 

I Gas-Coke, good Average of a number of Samples 

Breeze from Gas- Coke, good . . . Averages 

Carbon burning to Carbonic Acid (Favre & Silbermann) 

Ditto, ditto . . (Peclet) 

Ditto, ditto . . (Despretz) 



Calorific 
Power, pr 
Uniu of 
Heat deve- 
loped per 
Pound of 
Fuel. 



21000 
20153 
19200 
17752 
19950 
19680 

19534 
19505 
18990 
18840 
18738 
18546 

18315 
1812O 
17950 
I787I 
17388 

14490 
16974 

16596 

15865 

I5213 

15000 

14945 
14826 
13428 
I4168 
14000 
13963 
13876 
13762 

'3524 

13300 

^3493 
12800 
14302 
1 304 1 
12800 
12558 
10626 
6762 

14544 
14500 
14040 



Evapora- 
tive Power I 

in lbs. of 

Water 
evaporated 

to Steam, 
from and at 

3xa* Fahr. 



2174 

20'86 
19-87 

18-37 
20-65 
20-37 
20-22 

20-19 
9-65 
9-50 

9*39 
9-19 
8-95 

875 
8-6o 
8-50 
8-00 
5-00 
7-56 
7-i8 
6-42 
574 
5'53 
5*47 
5'30 
3'90 
4-66 
4-50 

4*45 
4*36 
4-24 

4-00 
376 
3'9<5 
3*25 
377 
3*50 

3*25 
3*00 

I'OO 

7-00 
5-06 
5-00 
4*53 
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Table 20 continued, — Calorific Power, and Theoretical Evaporative 
Power of Combustibles. 



Description of Combustible. 



Carbon burning to Carbonic Acid . . (Dulong) 

Phosphorus (Laplace) 

Naphtha 

Alcohol 

Charcoal from Wood 

One Pound of Carbon in the form of Carbonic Oxide 

burning to Carbonic Acid 

Animal-Fat 

Slack, good, small Averages 

Lignite . . . 

Peat, well-dried Kiln-dried 

„ moderately dry Air-dried 

English Oak Kiln-dried 

Ash, Beech, and Thorn . . . . „ 
Red Oak, Hard Maple, and Walnut . „ 

Apple Tree, Pear Tree, Cherry Tree, Plum Tree „ 
Birch, Elm, Plane Tree, and Hazel . . „ 
Chestnut and Yellow Pine ... „ 

Pitch-Pine, Alder, Aspen, and Poplar . „ 
Willow, White-Pine, or Deal ... „ 

Wood, air-dried, containing 20 % of water, averages . 

Cork Kiln-dried 

Tan-Refuse, or Oak-Bark .... Dry 
„ „ , moderately dry, averages . 

• „ „ , in a damp state . 

Sawdust from Oak or other hard- wood . . Dry 
Ditto, Pine- Wood, or other soft woods „ 

Ditto, ditto, and ditto, , in a 

moderately dry state .... Averages 

Brush-Wood ....... Dry 

Cotton-Stalks . . . . . . Dr>' 

Carbonic Oxide burning to Carbonic Acid (Dulong) 
Ditto, ditto (Favre and Silbermann) 

Carbon burning to Carbonic Oxide „ „ 

Ditto, ditto . . (Dulong) 

Sulphur ........ 

Ditto .... (Favre and Silbermann) 

Flax-Refuse Averages 

Ramie-Refuse 

Straw Dry 

Ditto . in a moderately dry state. Averages 
Wood- Chips and Sawdust mixed . Moderately dry. 

Averages 
Wood-Chips and Green Twigs, in a damp state, or 

containing 50 7o of moisture . . Average 



Calorific 
Power, or 
Units of 
Heat deve- 
loped per 
Pound of 
Fuel. 



12906 
13500 
13208 

"339 
11592 

104 1 1 
8694 

7844 
9660 
9500 

7245 
7516 

7245 
6888 
6610 
6536 
6482 
6436 
6400 
4830 

6347 
6279 
4830 
3024 
5912 
5217 

3961 
5000 
4916 
4478 
4325 
4453 
2495 
4682 
4032 
4106 
3980 
3864 
2898 

3671 
1932 



Evapora- 
tive Power 

In lbs. of 

Water 
evapofaied' 

to Steam, i 
from and at; 

ata'Fahr.' 



i3'36 

13*66 
1277 

I2'00 

1077 
9-00 
812 

IQ-QO 

9-83 
7-50 
778 
7-50 

7-13 
684 
676 
671 

6-66 
662 
5*oo 
657 
6*50 
5'oo 

3-13 

6' 1 2 

5-40 

4'I0 

5-17 
5-08 
463 

4*47 
4*61 

2-58 

4*84 

4*17 
425 
4-12 
4'00 
3'oo 

3'8o 

2'00 
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Sfideney of Fuel in the Furnace of a Steam-boiier. — ^The full value 
of the heating-power of the fuels given in the foregoing Table is not realised 
in practice, in the evaporation of water to steam, owing to losses from various 
causes, but principally by conduction, radiation, and imperfect combustion, 
and a portion of the heat is necessarily expended in creating a draught in: 
the chimney. 

The eflSciency of the firing, combustion in the furnace, and evaporation 
by the boiler, may be found by the Rule : — 

Efficiency of firing, furnace, and boiler = 

Actual quantity of water evaporated per pound of fuel 
Theoretical evaporative power of the fuel. 

Example : Required the efficiency of the firing, furnance, and boiler, in 
a test where 121 8 lbs. of water were evaporated per lb. of coal from and at 
212° Fahr., with coal having a theoretical evaporative power of 14 lbs. of 
water from and at 212° Fahr. per lb. of coal ? 

Then -— -,r— = '^7 P^r cent., showing that the actual evaporation is 

13 per cent, less than the theoretical evaporation. 

Firing Steam-boilers. — ^The fire should be maintained at as great a heat 
as possible. A high and uniform temperature of the furnace is essential to 
economical combustion. It effects rapid diffusion and combination of the 
gases, secures their combustion, and conduces to the prevention of the 
formation of carbonic oxide and of the discharge of smoke. When the 
temperature of the furnace is low, a considerable portion of the gases escape 
to the chimney unconsumed. The rate of combustion should be moderate, 
so as to afford time for the fuel to be effectively burned. 

ThiokneM of tbe Fire. — ^The thickness of fire required for economical 
combustion varies with the size of the pieces, quality, and description of 
fuel used; and also with the strength of the draught, the stronger the 
draught the thicker may the fire be. A fire of anthracite may be from 
4 to 6 inches thick, and of bituminous coal from 7 to 1 5 inches thick, 
according to the nature of the coal, and the available draught. A thick fire 
is necessary for the production of a high temperature ; the more freely the 
coals bum the thicker may the fire be. Coals which develop little flame, 
and small coals of all kinds, bum best in a thin fire. 

A thin fire facilitates combustion by offering the least resistance to the 
passage of air through the bed of fuel, but it is difficult to maintain a regular 
thickness of fire and the fire-grate evenly covered with fuel with a thin fire, 
because the bed of fuel burns into holes. This causes waste of fuel, because 
the rush of air through the uncovered portions of the grate reduces the 
temperature of the furnace and flues, and results in a large volume of air 
passing through the fumace without having its oxygen consumed. 

Hence, a thick fire is generally more economical than a thin fire, but the 
fire should be replenished with thin layers or moderate charges of coal. 
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Improper Firing. — ^The introduction of heavy charges of coal at long- 
intervals is objectionable, as it has a severe damping effect upon the fire 
and lowers the temperature of the surface excessively, and is not conducive 
to economical combustion. It is a common practice to throw a large 
quantity of coal on the fire at one firing. That which is on the top is 
rapidly coked by the heat underneath, and the gases evolved escape 
unconsumed. An equal quantity of coal placed in the furnace in three or 
four firings, at intervals of from three to six minutes, would, in many cases, 
evaporate twice as much water as when it is all thrown on the fire at one 
firing, and the quantity of smoke produced would be considerably less with 
this method of firing. Irregular and reckless firing results in waste of fuel. 

Spread Firing. — ^The firing should be regular, and consist of small or 
light charges of coal, distributed evenly over the surface of the fire, and 
delivered at short intervals of, say, from four to ten minutes, according to 
the character of the coal used, and the demand upon the boiler for steam. 
The quantity of coal delivered at each firing should be in proportion to the 
work being performed by the boiler. When a furnace is fired in this way, 
the gases become rapidly disengaged, and the greatest heating effect is 
obtained from the fuel with the least reduction of temperature of the 
furnace, due to the damping effect on the fire of fresh charges of fuel. 

The only objection to this method of firing is that, the number of times the 
furnace-door is opened permits the admission of an excessive quantity of 
air. This may be obviated by employing a damper of light construction 
connected to the furnace-door in such a manner, that on opening the door 
the damper closes sufficiently to prevent the admission of much air, and the 
consequent reduction of the temperature of the furnace and flues of the 
boiler. 

This method of firing permits the use of a small fire-grate, and enables 
the greatest quantity of steam to be produced with the combustion of the 
smallest quantity of fuel. The fire should be saucer-shaped, that is, thicker 
at the sides than at the middle. 

Side-Firing is frequently adopted for moderate charges of coal. The 
coal, instead of being spread over the fire, is thrown on each side of the fire 
alternately, leaving one side always bright to effect the combustion of the 
gases from the coal freshly charged on the opposite side of the fire, by 
which means the temperature of the furnace is lowered as little as possible, 
and economical combustion may be effected with the production of little 
smoke. When there are two or more furnaces they should be fired alternately. 

Coking-Firing is most effective for coal of a very smoky nature. It is 
effected by providing a broad dead-plate at the entrance of the furnace, on 
which each charge of coal is placed and allowed to remain during the intervals 
of firing, in order that the volatile ingredients may be expelled by the heat of 
the furnace and the coal become partly converted into coke before it is put 
on the fire, and thus prevent as much as possible the emission of smoke 
from the chimney. 
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SmoMLesa-Tiring. — ^The fire should not be roused with a rake. If the 
coal cakes together, a slicer should be run in on the top of the bars and the 
burning mass gently broken up. The fire-bars should be maintained 
covered all over and not allowed to be bare at the back. With a good 
draught and careful hand-firing by any of the previously described methods, 
and the admission of air by opening the grid of the fire-door for about a 
minute after firing, no smoke need be made. The admission of air in small 
streams above the fire is of great advantage in affording efficient combustion 
of the fuel-gases, and lessening the amount of smoke produced. In burn- 
ing coal of a very smoky nature, a little air should be admitted at the fire- 
bridge as well as at the front of the furnace. 

Zn Stoking and Claaning the FireSf the fire-door should be open as 
short a time as possible, in order to prevent the inrush of cold air, causing 
loss of heat, and variation in the supply of steam. In cleaning the fire it 
should not be allowed to almost die out and the bars to become bare. As 
much fire should be pushed against the bridge as possible, and the cleaning 
then effected. 

Clean Fire-Bare are essential to economical combustion. The spaces 
between the bars should be maintained free from clinkers and ashes. When 
the air-spaces are clogged sufficient air cannot pass through the bed of fuel 
to effect complete combustion, resulting in waste of fuel and reduction of 
the steam-producing capacity of the boiler. 

The Draught should be carefully regulated to the nature of the fuel, so 
as to obtain the greatest heat from the fire without the admission of more air 
than is necessary for efficient combustion and the prevention of smoke. A 
roaring draught, which forces the air through the fire-grate like a hurricane, 
lowers the temperature of the furnace, prevents economical combustion, 
and carries much heat to waste to the chimney. 

Mechanical Stohere. — ^To bum small bituminous coal economically, 
with the production of the least quantity of smoke, it is necessary to deliver 
it on the fire in small equal charges at regular intervals. This is best effected 
by mechanical firing, hand-firing being imperfect owing to its irregularity. 

With a well arranged self-feeding furnace the supply of coal may be 
readily adjusted to the required rate of combustion, and the coal may be 
delivered continuously in regular charges evenly distributed over the fire. 

The employment of a mechanical stoker dispenses with the frequent 
opening of the furnace-door necessaiy in hand-firing, and the consequent 
inrush of cold air to the flues is prevented. 

With a proper supply of air to the fuel, mechanical firing is theoretically 
conducive to an even furnace-temperature, economical combustion, and a 
uniform supply of steam. It is, however, difficult in many cases in practice 
to obtain conditions favourable to economical combustion with mechanical 
firing, and it may be less economical in the quantity of fuel used than 
skilful hand-firing. But mechanical stokers generally permit the employ- 
ment of cheaper kinds of coal than it is expedient to use for hand-firing. 

S.B.C. E 



so 
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▼ioam' Mechanical Stoker is shown in Fig. 9. The hopper a is filled 
with small coal, which falls into the boxes b. The boxes are fitted with self- 
acting plungers, which push the coal alternately into the furnace and on to 
the dead-plate, whence it is delivered to the fire-grate. The fire-bars travel, 
and carry the fire very slowly for a short distance along the furnace-tube. 
Any unconsumed fuel which reaches the end of the grate-bars, with the 
clinkers and ashes, are discharged over the ends of the grate-bars into the 
bottom of the furnace-tube. 




Fig. 9. — Vicars' mechanical stoker. 

The following are the results of the test of a Lancashire boiler of 7 feet 5 
inches diameter and 30 feet long, with furnace-tubes 2 feet 9 inches diameter, 
fitted with this mechanical stoker, compared with the results of a test of 
the same boiler with ordinary hand-firing. 



System of stoking 
Duration of trial 
Designation of coal 



Vicars' stoker . . Hand firing. 
10 hours .10 hours. 

Bituminous slack . Welsh small. 
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Area of fire-grate, total , . . .22 feet 
Coal consumed , , . . . 2 tons 13 cwt. 

Coal consumed per hour . . .5*3 cwt. . 
Water evaporated, total , . . . 5,330 gallons 
„ per hour . . 533 gallons 

y, per pound of fuel . . 898 pounds . 

Price of fuel 13X. perton 

Cost of fuel per 1,000 gallons evaporated . 6s. 5*5//. 



. 33 f^t, 
. 3 tons 4 cwt. 
. 6'4 cwt. 
5,020 gallons. 
. 502 gallons. 
. 7 pounds. 
. 1 5^. per ton. 
. 9J. 475^- 



Hendorson's Meohanical 8tok«r is shown in Fig. 10. The coal is 
placed in a hopper and is broken by revolving crushers. The pulverised 
coal drops on to horizontal fans. The fans are actuated by frictional 
pulleys attached to the driving shaft. The furnace is fitted with a moving- 
grate. One half of the number of grate-bars move up and down vertically 
for the purpose of breaking the clinker and keeping the fire open, while the 
remainder of the bars travel backwards and forwards horizontally, and carry 
the clinker and ashes to the back of the furnace, where it is discharged over 
the back-end of the fire-bars into the bottom of the furnace-tube. 




Fig. xo. — Henderson's mechanical stoker. 

The following are the results of a test of a Lancashire boiler of 7 feet 6 
inches diameter and 28 feet long, fitted with this mechanical stoker, com- 
pared with the results of the same boiler with ordinary hand-firing. Rough 
small coal was used in both tests. 



System of stoking . 
Duration of trial 
Coal consumed in lbs. . 
Coal consumed per square foot ) 
of fire-grate surface per hour ) 



Hand-firing 
48 hours 
22582 

13-24 



Henderson's stoker. 
48 hours. 
23263. 



19-19. 



B 2 
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Proportion of ashes 
Water evaporated total in gallons 
Water evaporated per hour in gallons 
Water evaporated per lb. of fuel in lbs. 
Temperature of feed-water ") 

in degrees Fahr. ) 

Value of coal per ton 
Cost of evaporating looo gallons *) 

of water from 62® Fahr. ; 



1370 . . 870. 

14733 • * 194^8. 

307 . . 405. 
6-85. . 9-13. 

165 . . 134. 

3x. 6d, . . 3x. 6(L 

2s. y6d, . . IS, lO'Sd. 



The results of these tests show an increase of duty of 33*3 per cent, by 
mechanical stoking, and a diminution of 23 per cent, in the cost of 
evaporation. 

Tke Bate of Combiuition in the furnace of a steam boiler is expressed 
by the number of pounds of fuel burnt on each square foot of fire-grate 
surface per hour. It varies with the intensity of the draught and the com- 
bustibility of the fuel, and ranges from 5 to 1 5 lbs. for anthracite coals and 
from 4 to 26 lbs. for bituminous coals in different types of boilers with 
natural draught. In locomotives with steam-blast in the chimney, the rate 
of combustion is on an average from 45 to 85 lbs. in this country, and in 
others it is from 60 to 180 lbs. In boilers having combustion with forced 
draught in the furnace, the rate of combustion is from 30 to 160 lbs. of coal 
per square foot of fire-grate surface per hour. 

With high rates of combustion it is necessary to frequently clean and 
rouse the fire, in order to prevent the furnace becoming choked with 
clinker and ash, and to provide free access of air to the fuel. 

For each type of boiler a certain rate of combustion produces a mazimimi 
economical effect, and higher rates only result in increasing the quantity of 
the products of combustion without increasing the effect. In locomotives, 
the greatest effect is generally obtained from a combustion of about 65 lbs., 
and the limit to economical combustion is 85 lbs. of coal per square foot of 
fire-grate per hour. 

Heat Utilijied in the Production of Steam in a Steam-Boiler, — 
The heat actually expended in the evaporation of water to steam, or the 
heat actually absorbed by the water-heating surfaces per pound of coal fired, 
is very much less than that theoretically developed by the combustion of 
the coal. The difference between the total heat evolved and that available 
for work is due principally to the following sources of loss, viz. : — 

Initial-heating of the fuel and air for combustion. 
Heating air in excess of that required for combustion. 
Heat lost in displacing the atmosphere by the products of combustion. 
Heat lost by radiation ; and by cooling of the boiler by contact with cold 
air. 

Heat lost in unconsumed fuel and ashes. 
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Some coals radiate more heat in the furnace than others. Many coals 
leave more or less tarry deposit on the water-heating surfaces, which reduces 
the economic evaporative effect. Hence, the proportion of the total heat 
developed by the combustion of coal which in practice can be applied to the 
heating-surfaces of a steam-boiler and expended in evaporating water to 
steam varies considerably. 

The steam-producing capacity of coals has been frequently tested, and 
Table 21 contains the average results of a number of trials of different 
kinds of best steam-coal in internally-fired steam-boilers, under ordinary 
working conditions, with natural draught. 



T.VBLB 21. — Proportion of the Total Heat theoretically dj> 
veloped by the combustion of coal, expended, on an 
Average, in Practice in Evaporating Water to Steam in 
Internally-fired Steam-Boilers with Natural Draught. 



Description of Coal. 


Proportion of the Total Heat of Coal, on an average, 
Boilers and absorbed by the water. 


Coal in Lumps, 
per cent. 


Rough Slack, 
percmt. 


Welsh steam-coal, best . . . 
Newcastle steam-coal, best . 
Lancashire steam-coal, best . . 
Derbyshire steam-coal, best . 
Yorkshire steam-coal, best . . 
Anthracite coal, best . 


11 

58 
52 


68 
62 
60 
54 
50 
65 



All coals, for steam-purposes, yield more heat when used in lumps of 
moderate size than in the form of slack, except anthracite, which bums 
with difficulty in lumps, but bums more freely when in small pieces. 

Culm, or comminuted anthracite coal, has an efficiency of about 75 per 
cent, of that of anthracite coal. 

The total heat developed by good ordinary Welsh coal is, from Table 20, 
14,826 units per pound, and its evaporative power is 15*3 lbs. of water, but 
it appears from Table 21 that only 73 per cent, of the total heat would, on 
an average, be expended in the production of steam in a well-arranged 
steam boiler under ordinary working conditions with natural draught, or 
14826 X '73 = 10823 ^^^^ P^^ pound of coal fired, equal to an evaporative 
power of 10823 -f- 966 = 1 1*2 pounds of water, from and at 212° Fahr., 
per pound of coal fired in the boiler. 

Beat-BiMrgy of Comlmstion. — ^The amount of energy stored in fuel 
and liberated by combustion is found by multiplying the number of heat- 
nnits developed by the complete combustion of the fuel by the mechanical 
equivalent of each unit of heat, equal 772 foot lbs. of work. For instance. 
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the heat-energy or force developed by i lb. of carbon in burning to carbonic 
acid is equal to 14500 units x 772 = 11 194000 foot pounds of work. 

The heat-energy yielded by the combustion of i lb. of carbon per hour is = 
1 1 194000 foot pounds -T- (33000 foot pounds per min. x 60 mins.) = 5*65 
horse-power ; so that about one-sixth of a pound of carbon is theoretically 
capable of liberating by complete combustion an amount of heat-energy 
equivalent in mechanical energy to i horse-power per hour. 

The heat-energy yielded by the complete combustion of coal of average 
quality, containing about 80 per cent, of carbon and having a calorific power 
of 1296 units per pound of coal, is equal 1296 x 'j'ji = looooooo foot 
pounds of work per pound of coal consumed, and = 1 0000000 -5- (33000 x 
60) = say, 5 horse-power theoretically developed per pound of coal con- 
sumed per hour ; representing a consumption of i -r- 5 = *2 lb. of coal per 
indicated horse-power per hour. 

This result has not yet been attained in practice, as the best engines, on 
an average, only perform about one-tenth of that duty, and the worst 
engines only average one-thirteenth of the theoretical duty. It will be 
seen that, theoretically, one horse-power should be developed by the heat 
yielded by the complete combustion of 3*2 ounces, or less than a quarter of 
% pound of coal per hour. 

The actual power developed by the combustion of coal in practice is very 
much less than the theoretical quantity, as, owing to imperfect combustion 
and inefficiency of the heating-surfaces of steam boilers, it is not possible 
to utilize all the heat-energy in the coal. The highest duty obtainable in 
practice is probably one horse-power per pound of coal consumed per hour. 
This has been very nearly attained with quadruple expansion engines, 
which, in some cases, develop one indicated horse-power with a combustion 
of 1 1 lb. of Welsh coal per hour. 

In the most economical modern engines the consumption of coal per in- 
dicated horse-power per hour, under ordinary woiking conditions, averages 
as follows : — 

lbs. 

Quadruple expansion surface-condensing engines . . 1*25 
Triple expansion surface-condensing engines . . . 1*50 

Double expansion engines, condensing .... 2*00 

Corliss engines 2*12 

Double expansion engines, non-condensing .2*50 
Simple engines 275 

The consumption of coal by these types of engines is, however, frequendy 
considerably greater than this. 

The MaTininin Temperature of Combustion may be determined 
by dividing the calorific value of the fuel by the heat-capacity of the 
gaseous products of combustion. The specific heat of the products of 
combustion at a temperature of 570®, which is the average temperature of 
the gases in the chimney of well-arranged boilers with natural draught, 
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averages '265 according to Table i, page 5 ; but it is usual to assume the 
specific heat of the gases in ordinary calculations to be the same as that of 
the air, or '238. 

The temperature resulting from the combustion of one pound of carbon 
burning to carbonic acid, supported by 2*667 lbs. of oxygen supplied by 12 
pounds of atmospheric air at 62° Fahr., may be calculated as follows : — 

I lb. of carbon +12 lbs. of air produces 13 lbs. of gases. The absolute 
temperature of the air is 461° -f 62° = 523° Fahr. 

The temperature resulting from combustion is = 

14500 units, heat of combustion of i lb. of carbon q__ 

13 lbs. of gases x -238 specific heat of air "^ ^^3 — S^^o a r. 
absolute temperature. 

SiEeienoy of Coxnbiurtion, or the proportion of the heat evolved which 
can be realised in a furnace, is expressed by the following formula, in which 
the higher temperature is that of the furnace, and the lower temperature is 
that of the escaping gases : — 

Efficiency of combustion, or proportion of useful effect = 

Higher absolute temperature ~ Lower absolute temperature 
Higher absolute temperature. 

Applying this rule to the result of the previous example, and assuming 
the gases to enter the chimney at an absolute temperature = 552° -f 461^ 
= ioi3®Fahr., with natural draught. The efficiency is, 

^ 5210-1013 ^.3 
5210 

that is, the heat realised is only 80 per cent, of that supplied, showing a 
loss of 20 per cent, of the heat evolved. 

The Tamperatnre of the Fnxnaoo of a Stoftm-Boilor with 
HTatnral Ihnraght may be calculated in a similar way to the above. 
Assuming that i lb. of good coal btiming to carbonic acid, supported by 
oxygen supplied by 24 lbs. of air at 62^ Fahr., that being the quantity of 
atmospheric air frequently required in practice with natural draught per 
pound of coal, developes 14300 units of heat. 

Then i lb. of coal + 24 lbs. of air produces 25 pounds of gases, and 
the absolute temperature of the air is = 461 -f 62 = 523^ Fahr. 

The temperature of the furnace resulting from combustion is : — 

14300 units of heat of combustion of i lb. of coal o ^ ro 

25 lbs. of gases x '238 specific heat of air "^ ^^^ "" *^^ 

Fahr. absolute temperature. 

Assimiing the gases to enter the chimney at 552^ -f .461 s 1013 
absolute temperature. 

The efficiency of the combustion is, 
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^ 3926^ - 1013'' - -66 
2926 ' 

showing a loss of one-third the quantity of heat evolved. 

This is for perfect combustion, but if an allowance of 10 per cent, be 
made for imperfect combustion, the available quantity of heat would only 
be 14300 — 1430 = 12870 units per pound of coal, resulting in an 
absolute temperature in the furnace of 2686® Fahr., and an eflSciency of 
combustion of 63 per cent. : showing a loss of 37 per cent, of the heat 
evolved. 

The Temperature of a Furnace with Forced Ilraughty assuming 
perfect combustion, with coal developing 14300 units of heat per pound, 
and using 18 lbs. of air per pound of coal at a temperature of 62® Fahr., 
may be found as follows : — 

I lb. of coal +18 lbs. of air = 19 lbs. of gases, and the absolute 
temperature of the air is 62 + 461 = 523° Fahr. Assuming that by well- 
arranged absorbing or heating-surfaces of the boiler and feed-water heater 
the gases enter the chimney at 400® -|- 461° = 861® Fahr. absolute 
temperature. 

Then the temperature of the furnace resulting from combustion is, 

^_i43oo units of heat ^ o ^ ^86° Fahr. 
19 lbs. of gases x -238 

the absolute temperature. And the efficiency of the combustion is, 

-3686^- 8iL'-.76- 
■^ 3686°" ^ 

showing a loss of 27 per cent, of the heat evolved. 

Or it may be put in this form : — 

The quantity of the heat required to raise the contents of the furnace of a 
steam-boiler one degree in temperature for each pound of coal consumed is 
= I lb. of coal -f 24 lbs. of air = 25 lbs. x "238 specific heat = 5-95 
units with natural draught; and i lb. -f 18 lbs. of air = 19 lbs. x '238 
= 4*522 units with forced draught. 

Coal developing 14300 units of heat per pound of coal, will raise the 
temperature of i lb. = 14300 -f- 5*95 = 2403*^ Fahr. with natural draught: 
and =14300 -f- 4*522 = 3163^ Fahr. with forced draught. Then with air 
of 523® Fahr. absolute temperature. The absolute temperature of the 
furnace is = 2403 -h 523®= 2926° Fahr. with natural draught; and = 
3163** + 523 = 3686 with forced draught. 

To olitain the Sigheet Efficiency of Coxnbiuitiony or the 
maximum economical effect from the fuel, it is necessary to have : — 

The highest possible temperature in the furnace. 

The lowest possible temperature in the chimney. 

The smallest possible quantity of air supply that will ensure complete 
combustion. 
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As complete combustion as possible of the fuel-gases in the furnace, or 
before they traverse the remainder of the absorbing, or heating-surfaces, of 
the boiler. 

Complete combustion, resulting in the conversion of all the carbon to 
carbonic acid, and all the hydrogen to water, may generally be obtained 
from the admission of from 33 to 50 per cent, more air to the furnace than 
is theoretically necessary to supply the quantity of oxygen required for 
perfect combustion, or not exceeding 12 lbs. + 6=18 lbs. of air per lb. of 
coal. 

Complete combustion can only be obtained from a moderate coal con- 
sumption per square foot of fire-grate surface ; when combustion is urged 
by hard firing, a considerable quantity of fuel is lost in the form of carbonic 
oxide escaping unconsumed. 

▲▼erage Temperature of the Fnmaoee of Steam-Boilem. — ^The 
temperature of the furnaces of steam-boilers is less in practice than that 
theoretically due to the calorific power of the fuel, owing to imperfect 
combustion, and the cooling effect of the absorbing surfaces and the air 
entering the furnace. It may be assumed that the maximum temperature 
of the products of combustion of good coal, with complete combustion, with 
natural draught, at the instant of their formation, is 2477° Fahr. above that 
of the atmosphere, or with air at 62° = 62° -f- 2477^ = 2539*^ Fahr. This 
is equal to an absolute temperature of 2539 -f 461° = 3000° Fahr. 

Assuming that one-third of the heat developed is absorbed by the water- 
heating surface of the fire-box or furnace, then the temperature of the 
products of combustion at the fire-bridge of a circular furnace, or at the 
entrance to the tubes of a locomotive boiler is = 2539 X J = 1693® 
Fahr., or, say, in round numbers, 1700° Fahr. = 1700 -f 461 = ai6i® 
Fahr. absolute temperature. 

As pyrometers are seldom reliable, the temperature of the furnace of a 
steam-boiler cannot accurately be ascertained, but it may be determined 
approximately in three different ways, viz :— 

By the heat imparted to a piece of iron embedded in the glowing fuel : by 
melting a piece of metal of known melting point in the fire : by the colour 
of the fire. 

To ascert^n the temperature of a furnace by the heat imparted to a piece 
of wrought-iron. An iron-ring should be embedded in the fire and allowed 
to remain until uniformly heated to the same temperature as that of the fuel, 
and then quenched in a given weight of water* 

The rise of temperature of the water will enable the temperature of the 
fire to be calculated by the following rule, which assumes the specific heat 
of wrought-iron to be one-ninth that of water : — 

Let T = the temperature of the water produced by quenching the iron. 
/ = the original temperature of the cooling-water. 
W = the weight of the cooling-water in pounds. 
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w = the weight of the wrought-iron ring in lbs. 
F = the required temperature of the furnace. 
(T - /) X W X 9 



F = 



w 



-hT 



Example. A ring of wrought-iron weighing i8 lbs. was embedded in the 
fire of a Cornish boiler, and when uniformly heated was quenched in 50 lbs. 
of water at 62° Fahr., thereby raising the temperature of the water to 150® 
Fahr. Required the temperature of the furnace ? 

_, (150° — 62°) X 50 lbs. of water x 9 . ^ o -c u .v 

Then n y. . . / r rr- + 150° = 2350® Fahr. the 

18 lbs. weight of wrought-iron ^ ^ ^^ 

approximate temperature of the furnace. 

The temperature of the fumace of a steam-boiler may be determined 
approximately by melting a piece of metal, of known melting point, in the 
fire. The melting points of metals are given in the following Table : — 

Table 22. — Melting Points of Metals. 



MetaL 


Melts at 
Fahrenheit 


Metal 


' Melts at 
Fahrenheit. 


Wrought-iron becomes fluid at . . 
Wrought-iron begins to melt at 
Mild-steel boiler-plates . . . 

Platinum 

Mild-steel castings . . . . 

Shear-steel 

Tool-steel 

Cast-iron, grey .... 
Cast-iron, white 




4000 
2910 
3100 
3080 
2930 
2740 
2550 
2190 
2010 ' 


Copper 

Brass . . . 

Aluminium . 

Antimony . . 

Zinc . 

Lead . . . 

Bismuth 

Tin . . . 

Cadmium . 




2050 
I 1650 

1 1300 
810 

773 
620 

507 
446 
442 



The temperature of the fumace of a steam-boiler may also be determined 
approximately by the colour of the fire. The colour-temperatures of 
furnaces, obtained from the experiments of Pouillet, are given in the following 
Table :— 

Table 23. — Colour-Temperatures of Furnaces. 



Appearance of the Fire. 


Fahrenheit. ' 


Appearance of the Fire. 


Temperature 
Fau«nheit. 


Red, just visible . . 

Red, dull 

Red, cherry dull . . 

Red, full 

Red, clear . . . . 




977 
1290 
1470 1 
1650 1 
1830 ' 


Orange, deep . . . 

Orange, clear . 

White heat. . . . 

White, bright . 

White, dazzling . . . 




2010 
2190 
2370 
2550 
2730 
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Ftodvcte of ComVnstioii. — ^The gases forming the products of perfect 
combustion are veiy bad absorbers and bad radiators of heat. The volume 
of the gases proceeding from combustion depends upon their temperature. 
Oxygen combining with carbon forms carbonic acid without change of 
volume of the ojcygen, therefore the volume of gas resulting from the com- 
bustion of carbon is the same as that of the air entering the furnace, except 
that it is expanded to the volume corresponding to its increased temperature. 

The air may be supposed to enter the fire at 62° Fahr., at which tempera- 
ture the weights and volumes of gases and vapoiws are as given in the 
following Table : — 

Table 24. — ^Weight and Volume of Gases and Vapours at 62® Fahr. 
UNDER AN Atmospheric Pressure of 30 Inches of Mercury. 





Weight per 


Volume of 


Description of Gas. 


Cubic foot, 
lbs. 


one pound ir 
Cubic feet. 


Hydrogen gas . 


•005264 


i89^73 


Coal-gas . . . . 


•033300 


30-00 


Vapour of water . . 


•047398 


2I-00 


Carbonic oxide gas 


•073632 


i3^65 


Nitrogen gas . . . . 


•073795 


i3^55 


Atmospheric air 


•076098 


i3'H 


Oxygen gas , . . 


•084133 


II'OO 


Carbonic acid gas . 


•II6365 


8-6o 



The Yolume of the Oaseoiui Products of Comlnurtioii of Fuel 

containing hydrogen may be calculated as follows. Coal, for instance, 
containing '05 hydrogen per pound, combines with ^05 x 8 lbs. of oxygen = 
*4 lb. of oxygen, to form '05 -f -4 = -45 lb. of water. The volume of the 
vapour of water at 62® Fahr. is, from Table 24, = 21 cubic feet per pound, 
and "45 lb. of water will produce '45 x 21 = 9*45 cubic feet of vapour at 
62° Fahr. The air may be assumed to enter the fire at 62° Fahr., = an 
absolute temperature of 62° -f 461° = 523° Fahr., and enter the chimney at 
560° Fahr., = an absolute temperature of 560® -f 461° = 1021^ Fahr. 

The quantity of air required for combustion is frequently 300 cubic feet 
per pound of coal. 

Then, the volume of the gases produced at 62° is = 300 -f 9^45 =r 
309*45 cubic feet per pound of coal, and the volume of the gaseous products 
of combustion in the chimney is = 



= 605 cubic 



309*45 cubic feet of gases x 1021^ final absolute temperature 
523 initial absolute temperature of the air 

feet per pound of coal consumed. 

The gaseous products of combustion cannot be heated by radiant heat. 
Radiant heat can only be communicated to gases by causing them to traverse 
surfaces which have previously absorbed radiant heat. 
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IMspUoeiiMnt of the AtmosplMre hj Smoke. — ^The heat expended 
by the products of combustion in overcoming the pressure of the atmo- 
sphere, with natural draught, may be found by multiplying the Increase of 
volume due to the expansion of the gases by elevation of temperature by the 
pressure of the atmosphere in pounds per square foot, and dividing the pro- 
duct by 772 • 

For instance, in the previous example the increase of volume from 
elevation of temperature is 605 cubic feet, the final volume, — 309*45 cubic 
feet, the initial volume, = 295-55 cubic feet. Then, the work of, or heat 
expended in, displacing the atmosphere is = 

295*55 cubic feet, increase of volume, x 144 square inches x 147 lbs . _ 

772 units of heat 

810 units of heat per pound of coal consumed. 

The Yelocitgr of the Oaeeous Prodnote of CombiurtioiL, V, in feet 
per second^ may be found by the following rule : — 

Y __ Weight of fuel in lbs. x volume of g ases in cubic feet ^ 
Time in seconds x area in square feet of tube-opening 

Suppose, for instance, that the gases due to combustion enter the fire-box 
end of the tubes of a steam-boiler at 2926° Fahr., absolute temperature, and 
leave the smoke-box end of the tubes at 1013° Fahr., absolute temperature. 
The area of opening through the tubes is 1*04 square feet ; consumption of 
coal per hour 43 lbs. ; air used per pound of coal 24 lbs., with natural 
draught, its absolute temperature being 523° Fahr. 

Then i lb. of coal -f 24 lbs. of air = 25 lbs. x 13*14 volume per cubic 
foot = 329 cubic feet of gases. 

The volume of the hot gases at thefire-box end 0/ the tubes is = 

320 cubic feet x 2026° . , • r . 

^—^ o ~ = 1840 cubic feet. 

523 

The velocity 0/ the hot gases at the fire-box end of the tubes is = 

43 lbs. of coal X 1840 cubic feet of gases - ^ , 

fT J a : r ♦= 2i*i3 feet per seconil. 

60 seconds x 60 mms. x 1*04 square feet ^ ^ 

The volume of the hot gases at the smoke-box end of the tubes is = 

«20 cubic feet x ioi^° , . , . i. 
^-^ — o = 638 cubic feet. 

The velocity of the hot gases at the smoke-box end of the tubes is = 

4^ lbs. of coal X 638 cubic feet of gases . , 

z^ J z ' c . = 7*33 feet per second. 

60 seconds x 60 mms. x 1*04 square feet ' ^^ ^ 

The velocity of the fuel-gases varies through different tubes, being greatest 
through the top row and least through the bottom row of tubes. 
Weight of the Gmees disengaged hj Combustioii. — ^The specific[heat. 
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specific gravity, and weight per cubic foot of the gases forming the products 
of combustion are given in Uie following Table : — 

Table 35. — Specific Heat, Specific Gravity and Weight per Cubic 
Foot of Gases, at 32® Fahr., under the Pressure of One 
Athosphers, or 29-9 Inches of Mercury. 



Gas. 


Symbol. 


Specific 
Heat. 


Specific 
Gravity. 


Weight of one 

Cubic Foot. 

lb. 


Atmospheric air ... 
Carbonic acid 

Carbonic oxide . . . . 
Nitrogen . . . . 


N,0 
CO, 
CO 

N 


•2380 
•2164 
•2460 
•2440 


I 0000 

1-5290 

•9674 

•9736 


•08072 

•12544 

•07810 
•07859 



Thm CompodtioiL of the OaMons Products of Combiuition varies 
considerably. It is important to analyse the fuel-gases in boiler-tests to 
determine the quantity of fuel wasted by imperfect combustion, and the 
quantity of air supplied to the fuel. By this means it may be ascertained 
whether there has been loss of fuel from the admission of a greater 
quantity of air to the furnace than is necessary to effect proper com- 
bustion, or from the admission of a smaller quantity of air and the escape 
of carbonic oxide unconsumed. 

It may be useful to give as a representative example, an analysis of gases 
from the combustion of coal, obtained during the test of Lancashire boilers, 
with an explanation of the method of calculating the volumes, weights, and 
heat-capacities of the constituents.* 

The gases were collected from the main flues between the boilers and a 
feed-water heater, or economiser, and their average composition was as 
follows : — 



Carboiuc-acid gas . 
Carbonic oxide . 
Nitrogen and other gases 
Air ♦ • . . 



•25 
51-42 

lOO'OO 



Or more shortly : — 

Products of combustion 
Air in excess • 




lOO'OO 



The volume of the carbonic acid and carbonic oxide is calculated as 
follows : — 

Let X + J' be the total weight of carbon in one pound of coal : x the 
weight converted into carbonic acid, 2Lndy the weight converted into carbonic 
ozide. Then, i lb. of carbon combines with 2*66 lbs. of oxygen and forms 
3*66 lbs. of carbonic acid ; and the weight of carbonic acid per pound of 
coal is 3*66 x x lbs. Also one cubic foot of carbonic acid at 32® Fahr. 

* The Anthor is indebted for these data and calculations to the report of a trial of 
Steun-Bcilas bf Mr. Bftichael Longridge, Chief Engineer of the Engine and Boiler 
i Co., Limited, Manchester. 
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under a pressure of 29*9 inches of mercury weighs "122 lb. Therefore, the 

volume of carbonic acid from one pound of coal at 32® Fahr., and under 

29*9 inches of mercury is : — 

3-66 

7-— X X cubic feet =: 30^ cubic feet. 

Again i lb. of carbon combines with 1*33 lbs. of oxygen, and fonns 
2*33 lbs. of carbonic oxide ; and the weight of carbonic oxide from i lb. of 
coal is 2*33 x jf lbs. One cubic foot of carbonic oxide weighs '078 lbs., 
and the volume of carbonic oxide from one pound of coal is: — 

•078"^ -^ = ^qy cubic feet. 

If u and V be the number of volumes of carbonic acid and carbonic oxide 
in 100 volumes of gas, that is, the volumes given by the analysis, and V = 
the total volume in cubic feet of the carbonic acid, carbonic oxide, oxygen, 
and nitrogen, per pound of coal burnt, then 

30^: : V :: « : 100 

and 30J/ : y :: V : 100 

or V = 3000 ( ^ +y) 

The weight of carbon burnt was '655 lb. per pound of coal, and substitu- 
ting this value for x -hj^, the volume of the carbonic acid, carbonic oxide, 
air, and nitrogen, per pound of dry coal is : — 

3000 X -655 lb. carbon w ^ 

"""10-35 carbonic acid -f- -25 carbonic oxide"" ^54 cubic teet, e 

total volume of the gases per pound of coal. 
The volume of each constituent may be found by rule of three thus : — 
Volume of carbonic acid : V : « : 100 
and from this volume the weight is found by multiplying the volume by the 
weight of one cubic foot, as follows : 

Weig:ht WeiffhcofGas 

Cubic feet. per cubic per lb. of dry 

foot. coal. 

X 1035 = 19*19 X '122 =. 2.341 lbs. 

X -0025 = '46 X '078 = '036 lb. 
X -5142 = 95-33 X -078 = 7*436 lbs. 
X -3798 = 70-41 X -081 = 5-703 lbs. 

185-39 ^5*5^6 lbs. 

In addition to these gases there is the steam resulting from the 
combustion of the hydrogen from the moisture in the coal ; and 
the vapour in the air, as follows : — 
Steam from hydrogen = -0404 hydrogen x 9 . . = -364 lb. 

Vapour in air = '250 lb. 

Also, steam from water mixed with the coal . . = -012 lb. 

Making the total weight of gas = 16-142 lbs. 



• 


Volume of 
Gas. 


Carbonic acid 


• . 185-4 ) 


Carbonic oxide 


. . 185-4 ) 


Nitrogen 


. 185-4 ) 


Air . 


. . 185-4 ) 
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The heat-capacity of the gases, or the quantity of heat required to raise 
the temperature of the gases one degree Fahr. per pound of dry coal, is 
calculated as follows : — 



Carbonic acid 
Carbonic oxide. 
Nitrogen and other gases 
Steam ^ . . . 

Products of combustion . 
Air in excess « 
Vapour in air 
Steam from water in coal . 



Weight. Specific heat. Heat capacity. 

2"34i lbs. X -216 = -506 
•036 lb. X "246 = '009 

7*436 lbs. X '244 = 1*814 
•364 lb. X -481 = -175 



. == 2*504 units 
5*703 lbs. X -238 = 1-357 „ 
•250 lb. X •481 = *I20 „ 
012 lb. X '481 = -006 „ 

3*987 units 



751 units 
407 „ 
36 „ 



The heat passing up the chimney is calculated by multiplying the heat 
capacity of the gases, given above, by the excess of temperature above 32°. 
The temperature of the gases leaving the economiser was 332° Fahr., and 
the excess of temperature is 332 — 32 = 300° Fahr., then — 

Products of combustion . . = 2*504 x 300 = 

Excess of air i*357 x 300 = 

Vapour in air "120 x 300 = 

Each pound of coal contained '012 lb. of water mixed with 
the coal which was put into the furnace and evaporated under 
atmospheric pressure, and the steam was superheated to 332^ 
Fahr. ; the heat carried off by the steam was, therefore : — 

•012 (1179 — 32) + -012 X -481 X (332 — 212) =■ 14 „ 

1208 „ 

the heat carried away in the products of combustion to the chimney. The 
heat lost by imperfect combustion is calculated as follows : — 

When one pound of carbon is burnt to carbonic acid 14545 units of heat 
are set free, but when the same quantity is burnt to carbonic oxide only 
4451 units are liberated. Hence, the heat lost by every pound of carbon 
converted into carbonic oxide is = 14545 — 4451 = 10094 units. The 
total volume of the gases at 32° Fahr. is 185*4 cubic feet, and the weight of 
carbon converted into carbonic oxide per pound of dry coal was = 

185*4 cubic feet x '25 carbonic oxide 



100 X 30 



= '0154 lb. 



Therefore, the heat lost by imperfect combustion in this case was = 
10094 X '0154 =155 thermal units. 
To determine the loss due to unbumt carbon, or the heat equivalent of 
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the carbon which fell through the bars or was drawn out of the furnaces 
unbumt, ;the weight of carbon is multiplied by its calorific value. The 
actual weight of clinker and ash drawn out of the furnace per pound of 
coal was "iS lb., and the weight shown by analysis of the coal was '158 ; 
the difference, or the weight of unburnt carbon per pound of coal was = 
•18 — *I58 = *022 lb. ; and the loss per pound of coal was = 14545 x 
'022 = 320 thermal units. 

Smoke is the product of imperfect combustion. It is caused by a portion 
of the particles of carbon of the hydro-carbon gases passing away uncon- 
sumed from the fire. These particles are deposited as soot on the surfaces 
traversed by the fuel-gases. The colour of smoke depends upon the 
quantity of particles of carbon carried in suspension by the fuel-gases ; the 
greater the quantity of carbon the blacker the smoke. Black smoke radiates 
much more heat than the less carbon-laden or dark greyish-brown coloured 
smoke ; and light yellow-coloured transparent vapour radiates no heat. 

Soft coal produces more smoke than hard coal, and the more inferior the 
quality of the coal the greater the quantity of smoke produced. 

Bituminous coal cannot be burnt without evolving smoke, unless the 
supply of air to the furnace be regulated to secure sufiicient dilution of 
the hydro-carbon gases distilled from the coal to ensure their combustion. 
This may be effected with a sufficiently high furnace-temperature for the car- 
bon to combine with the oxygen, by admitting air in numerous small jets 
above the fire, and in small streams through the solid fuel from below the 
fire, flowing through suitable spaces between the fire-bars. To bum some 
coals without smoke, a considerable quantity of air is requii-ed above the 
fire. This may be admitted through numerous slots -^ inch wide, in a 
grid extending the full height and width of the door of the furnace. 

With a well-regulated air-supply the production of smoke is preventable, 
and the emission of smoke in large quantities is inexcusable, because it is 
generally due either to unskilful or careless firing, or to defects in the 
arrangement of the furnace of the boiler. 

Efficient mechanical stoking conduces greatly to the prevention of smoke. 

Effeet of Soot and other Beponts from Fuel-CkuiMi on Saating- 
Snr&ces. — Fuel-gases deposit on the heating-surfaces of steam-boilers 
soot, tarry matter, sulphuric acid, and ammonial salts. The quantity of soot 
deposited depends upon the description of fuel used and the intensity of 
the draught ; it increases as the draught diminishes, and is greatest at the 
point where the fuel-gases leave the boiler. Soot is a very bad conductor 
of heat, and a coating of soot greatly reduces the evaporative effect of the 
heating-surfaces of a steam-boiler. 

Soot in a dry state does not injure boiler-plates, but the presence of 
moisture causes the formation of sulphuric acid produced from the sulphur 
in the coals. Sulphuric acid in a dry state does little or no injury to boiler- 
plates, but in the presence of moisture it is veiy corrosive and rapidly pits 
iron and steel. 
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Chiuaitijm for Staam-Boileni. — ^The function of a chimney is to provide 
sufficient draught to efEect the combustion of a certain amount of fuel on 
the fire-grate of a steam-boiler in a given time, and to carry o£E the noxious 
products of combustion. The height of a chimney should be sufficient not 
only to provide the required intensity of draught for the efficient combustion 
of fuel, but also to carry the products of combustion to such a distance 
above the surrounding property as not to be a nuisance. 

Air when heated expands and decreases in weight as it increases in 
volume, consequently the air and fuel-gases carried with it up a chimney are 
considerably lighter than the atmospheric air outside. 

The source of power of the draught of a chimney is the difference of 
weight of the column of heated gases inside the chimney, and of a column 
of air of equal height outside the chimney. The excess of pressure of the 
external air over that in the chimney causes air to flow into the chimney 
through every available opening above and below the fire-grate, and results 
in the efflux of the products of combustion at a velocity corresponding to 
the difference of weight of the two columns, or head, subject to a deduction 
for the resistance due to friction. 

Each pound of coal consumed yields from lo to 40 lbs. of gas. The 
average weight, at 32^ Fahr., of the gases produced from the coal usually 
burnt in the furnaces of steam-bdlers, exclusive of air, is x x lbs. per pound 
of dry coal burnt, the volume of which varies with the temperature. 

F % 
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Thm Weight of Gmsos at different temperatures varies considerably, as 
•may be seen from the following Table of the weight of dry air. 

Table 26. — ^Volume and Weight of Dry Air at Different Tem- 
peratures, UNDER A Constant Atmospheric Pressure of 29*92 
Inches of Mercury, the Volume at 32° Fahr. being i. 



Temperature, 




Weight of a 


Temperature^ 




Weight of a 


Diegrees 


Volume. 


Cubic Foot in 


Degrees 


Volume. 


Cubic Foot in 


Fahrenheit. 




Pounds. 
•0864 


Fahrenheit. 




Pounds. 






•960 



500 


I '954 


•0413 


12 


•0842 


552 


2056 


•0385 


22 


•980 


-0824 


600 


2-150 


•0376 


33 


I -000 


•0807 


650 


2*260 


-0357 


42 


. I -020 


•0791 


700 


2-362 


-0338 


52 


1-041 


•0776 


750 


2-465 


•0328 


62 


I -06 1 


•0761 


800 


2*566 


•0315 


72 


I -082 


-0747 


850 


2-668 


•0303 


82 


I*I02 


•0733 


900 


2*770 


•0292 


92 


I'I22 


•0720 


950 


2-871 


•0281 


102 


II43 


•0707 


1000 


2-974 


•0268 


112 


1-163 


-0694 
•0682 


1 100 


3*177 


•0254 


122 


1-184 


1200 


3-381 


•0239 


132 


I 204 


•0671 


1300 


3-584 


-0225 


142 


1*224 


•0659 


1400 


3788 


•0213 


152 


1-245 


•0649 
•0638 


1500 


3-993 


•0202 


162 


1*265 


1600 


4-196 


•0192 
•0183 


172 


1*285 


-0628 


1700 


4-402 


182 


1*306 


-06 1 8 


1800 


4-605 


•0175 


192 


1*326 


•0609 


1900 


4-808 


-0168 


202 


i'347 


•0600 


2000 


5'OI2 


-01 6 1 


212 . 


1*367 


•0591 


2100 


5-217 


•0155 


230 


1*404 


•0575 


2200 


5-420 


•0149 


250 


1*444 


•0559 


2300 


5*625 


-0142 


275 


1-495 


•0540 


2400 


5*827 


•0138 


300 


1-546 


•0522 


2500 


6*032 


•0133 


325 


1*597 


•0506 


2600 


6-236 


•0130 


350 


1-648 


•0490 


2700 


6-440 


•0125 


375 


1*689 


•0477 


2800 


6*644 


-01 2 1 


400 


1-750 


•0461 


2900 


6-847 


•0118 


450 


1*852 


•0436 


3000 


7-051 


•01 14 



Ilvaught-Fower of a Chimney. — ^The draught-power of a chimney is 
independent of the internal area, and depends upon the height. The 
efficiency of a chimney is greatest when the volume of the fuel-gases in the 
chimney is about double that of the external air. There are then tvpo 
columns of air of the height of the chimney, one being one-half the weight 
of the other. If the air outside the chimney be of the standard temperature 
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of 62^ Fahr., then it will be seen from Table 26 that the gases should leave 
the chimney at 552° Fahr. to have a weight equal to one-half that of the 
external air. If the height of the chimney above the fire-grate be, say, 
90 feet high, then the gases will have a velocity due to a head of 90 -*• 3 = 
45 feet. 

The draught-power of this chimney, expressed in inches of water, may be 
calculated as follows:— The weight of a cubic foot of air at 62° Fahr. is,, 
from Table 26, = -0761 lb., and at 552° = "0385. The weight of a cubic 
foot of water at 63° Fahr. is = 62*355 lbs. Therefore, the weight of the air is. 
= ^^'355 ■*• '0761 = 820 times as light as water, and at 552^ it is 62*355 
-5- 0385 = 1635 times as light as water. A column of air at 62** Fahr. 90 
feet, or 90 X 13 = 1080 inches high, is equal to 1080 -^ 820 = 1*317 inch 
of water, and at 553° it is = 1080 -5- 1635 = '66 inch of water, or a differ- 
ence of i"3i7 — '66 = '657 inch of water, being the draught-power of this- 
chimney. 

The draught-power of chimneys of different heights, calculated in this- 
way, is given in the following Table : — 

Table 37. — Draught-Power of Chimneys having a Temperature of 
553® Fahr. Internally, and 63^ Fahr. Externally. 



Utat^t of Chimney above 
Uie Fire-grate in feet. 


DFaught>power in 
inches of water. 


Height of Chimney above 
che Fire-grate in feet. 


inches or water. 


10 


•073 


130 


•948 


30 


•146 


140 


1-029 


25 


•182 


150 


1-095 


30 


•210 


160 


1-167 


35 


■256 


170 


1-240 


40 


■291 


180 


1-313 


p 


•364 


190 


1-386 


60 


•437 


2CX3 


1-459 


70 


•512 


225 


1-641 


80 


•583 


250 


1825 


90 


•657 


275 


2-006 


lOO 


•729 


300 


2-189 


no 


•802 


350 


2-553 


1 30 


•875 


400 


2-918 



The draught-power in inches of water multiplied by '03608 = the pressure 
of the air in pounds per square inch. 

It will be seen fipm the above table that each 10 feet in height of a. 
chimney gives a draught-power of a little more than ^ inch of water. 

When the internal temperature of the chimney is not ascertained, the 
draught-power of the chimney of a well-arranged boiler may be calculated! 
approximately by the following Rule : — 
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Draught-power in inches of water, approximately = Height of chimney in 
icct X •0x573. 

For instance, the draught-power to be obtained from a chimney 100 feet 
high is = 100 X '0073 = 73 inch of water. 

The volume of fuel-gases in cubic feet passing up the chimney may be 
•calculated from the analysis of the coal or of the fuel-gases as explained on 
pages 59 and 62. 

Fuel Expended in Produoing Draught in Chimneys. — The draught- 
power of a chimney is obtained at considerable expense of fuel. To obtain 
a good draught the column of hot gases inside the chimney requires to be of 
so high a temperature that from 20 to 30 per cent, of the heat of combustion 
of coal is expended in producing the draught. The heat carried off by the 
^ases may be found by multiplying the weight of the products of combustion 
by the difference in temperature of the gases inside the chimney and the 
•external air, and by the specific heat of air. 

For instance, if 23 pounds of air are used per pound of coal, there will 
'be lib. of coal -f 23 lbs. of air = 24 lbs. of gases, and if the difference of 
temperature of the hot gases inside, and the air outside, the chimney be 500® 
Fahr., then the heat carried off by the gases is 24 lbs. x 500 degrees x 
-238 specific heat =s 2856 units. Taking the heat of combustion of one 
pound of coal at 14300 units, then (2856 units x 100) -=- 14*300 = 20 per 
<:ent. of the total heat developed by combustion is absorbed in producing 
the draught. 

Draught Beq.iiired for the Combustion of different kinds of Fnels. 
— ^The strength of draught required for the efficient combustion of fuel in 
ihe furnace of a steam-boiler with well-arranged flues depends principally 
upon the nature of the fuel, the thickness of the fire, and the efficiency of 
the air supply to the fuel. Small caking coal generally requires at least 
double the strength of draught that is necessary for effecting the combustion 
of good ordinary coal, such as steam-coal. 

Table 28. — Draught-Power required for the Efficient Combustion 

OF VARIOUS KINDS OF FuELS IN THE FURNACES OF StEAM-BoILERS. 



Description of Fuel. 



Straw . 

Wood . . 

Sawdust. 

Peat, light . . . 
Peat, heavy . 
Sawdust mixed with 
small coal . . 
Steam-Coal, round . 
Slack, ordinary 



Draught-Power 
of Cnimnev in 
inches of Water. 



Description of FueL 



•20 

•40 
•50 

•60 

•4 to 7 
•6 to '9 



Slack, very small 
Coal-dust 

Semi-Anthracite Coal 
Mixture of Breeze 

and Slack . 
Anthracite, round 
Mixture of Breeze 

and Coal-dust . . 
Anthracite-slack 



Draught-Power 

of Chimney in 

inches of Water. 


7 


to i-i 


•8 


to I'l 


•9 


to I -a 


•I 


to 13 


1*2 


to 1*4 


I'2 


to 1-5 


i'3 


to rS 
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The draught-power, expressed in inches of water, required in practice 
for different kinds of moderately dry fuel is, on an average, as given in 
Table a8. 

In burning small coal in the furnace of a steam-boiler having a chimney 
with a less draught than half an inch of water, it is difficult to maintain a 
brisk fire without continually stirring it, which results in waste of fuel and 
the production of smoke. 

Seight of FMstory-Chiiiui^yi. — ^The height of chimney in feet required 
to produce sufficient draught for the efficient combustion of different kinds of 
fuels, may be determined by multiplying the draught-power in the previous 
table by 137. For instance, the least height of chimney desirable for a steam- 
boiler burning good ordinary, or bituminous, slack is from Table 28, = *6xi37 
=83 feet. For burning anthracite -slack the height should not be less than 
= x'3X I37=i78'i, or say 180 feet. The minimum height of chimneys 
permissible in towns is generally fixed by local bye-laws. 

Beight of Chimneys required for Tarioiui rates of Comlmstion. — 
In boilers with natural draught it is seldom expedient to burn more than 
from 20 to 26 pounds of coal per square foot of fire-grate surface per hour. 
With artificial draught more than 200 lbs. of coal has been fired per square 
foot of fire-grate surface per hour. In locomotive-boilers as much as 180 
lbs. of coal have been fired per square foot of fire-grate surface per hour. 
But the draught necessary to effect such high rates of combustion is so powerful 
that it is liable to carry a quantity of coal from the furnace in the form of 
cinder, and all the coal may not be burnt. 

Table 29. — Height of Chimneys required to effect different 
Rates of Combustion of Coal. 



Height of Chimney 
above the Fire-Omte in 


Weight of Coal that can' 
be burnt per square 
foot of Fire-Grate per 


Height of Chunney 

above the Fire-Grate in 

feet. 


Weight of Coal that CM 
be barat per iqaar. 
foot of Fire-Grate per 


feet. 


Hour in pounds. | 


Hotirin pounds. 


10 


5 


I ID 


24 


20 


8 


120 


27 


25 


10 1 


130 


30 


30 


12 


140 


34 


35 


13 


;is 


40 


40 


14 


50 


50 


16 


200 


60 


60 


17 


225 


70 


70 


18 


250 


80 


1 80 


19 


300 


90 


i 90 


20 


350 


100 


1 100 


22 


400 


112 



The largest quantity of coal that can be completely consumed with any 
draught is fron> 84 to 100 lbs. per square foot of fire-grate surface per hour. 
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The height of chimney necessary for various rates of combustion of coal 
is, in a general way, as given in Table 39. 

The draught-power in inches of water of chinmeys of these heights is 
given in Table 27. 

T«loeitj of th« Bravf hi or Air-ovxront in a Chimmqr, — ^The 
theoretical velocity of the gases in a chimney may be calculated by the 
following formula : — 

Let V = the velocity of the air-current in feet per second. 

g = the velocity acquired in one second by a body falling from a 

state of rest in a space devoid of air = 32*2. 
A = the height of the chimney in feet above the fire-grate. 
W = the weight of the atmospheric air outside the chimney. 
w = the weight of the hdt air inside the chimney, which may be 

taken from Table 26 page 68. 

W- w 



V 






Example: Required the velocity of the current of hot air in a chimney, 
100 feet high, the temperature inside the chimney being 552** Fahr., and 
that of the air outside the chimney 62^ Fahr. 

Then the weight of air at 552^ Fahr. is, from Table 26, = -0385 lb., and 
at 62^ Fahr. = -0761 lb., and -0761 — -0385 = '0376 -^ -0761 = -494 x 
100 feet X 32*2 X 2 = V3182 = 56 feet per second, the velocity of the 
current of hot air. 

Tho AotuAl Telooity of tho Oases in % Chimney is very much less 
than the theoretical velocity on account of the resistance to the entrance of 
air through the fire-grate and coal, and the friction of the flues of a steam- 
boiler, which have a tendency to choke the draught. As the flow of gases 
is retarded by bends, angles, and narrow passages, the velocity of the current 
is considerably influenced by the shape, size, and condition of the flues. 

The average or mean velocity through the whole height of the heated 
gases in a chimney may be found by the following formula, deduced from 
experiments with a number of factory-chimneys of Lancashire boilers with 
well-arranged flues. 

To find the velocity of the hot gases in factory-chimneys connected to 
boilers of the Cornish and Lancashire types with flues of not exceeding 150 
feet in length in circuit from the furnace to the bottom of the chimney. 

Let V = the average velocity of the hot gases in the chimney in feet per 
second, or the mean speed of the gases through the entire 
height of the chimney. 
T = the temperature in degrees Fahr. of the hot gases inside the 
chimney. 
/ = the temperature in degrees Fahr. of the atmospheric air on the 
outside of the chimney. 
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H = the height of the chimney in feet above the fire-grate. 

Then,V=(^-^)x«y». 
T X 33 

Example : Required the mean velocity of the hot gases in a factory- 
chimney of ICX5 feet in height^ connected to the flues of a Lancashire boiler^ 
the temperature being 552° Fahr. internally, and 62° Fahr. externally. 
Then, the square root of 100 = 10, and 552® — 62® = 490^ and 

^9°° ^ » ^ ^° = «-5 feet per second, 
552° X 3-3 

the mean velocity of the gases in this chimney. 

The least resistance to the passage of the gases, and the least cooling sur- 
face is presented to the gases, when the cross-section of a chimney is circular. 

Sisa of Chiniiitfys for Faotory Steam-boilAnu — ^The height of 
chimney should be measured from the top of the fire-grate of the boiler. 
The height of chimneys of factory-boilers in towns and populous districts 
should not be less than ninety feet. 

When several steam-boilers have a chimney in common, its internal 
temperature is generally higher and more uniform, and the draught is 
steadier than is obtained with the chimney of a single boilcF. The area of 
a chinmey common to a range of steam-boilers may therefore be less than 
the product of the area required for a single boiler by the number of boilers. 
A less area is also permissible because all the boilers of a range are seldom 
worked at their full capacity. 

For factory-boilers with flues not exceeding 150 feet in length in circuit 
from the fire-grate to the bottom of the chimney, the area of the chimney 
may be found by the following formula deduced from practice with well- 
arranged boilers. 

Let F = the area of the fire-grate surface of the boiler or boilers in square 
feet. 

W = the weight of coal in pounds consumed per square foot of fire- 
grate surface per hour. 

C = a constant varying with the number of boilers discharging the 
products of combustion into one chimney. 

H = the height of the top of the chimney above the top of the fire- 
grate in feet. 

A = the internal area of the cross-section of the top of the chimney 
of a factory-boiler in square feet. 

Then A = i^— • 

In which C = 'loo for a chimney for one steam-boiler. 

C = '085 for a chimney for a range of from 2 to 6 boilers. 
C = '075 for a chimney for a range of from 7 to 11 boilers. 
C =: '065 for a chimney for a range of 12 or more boilers. 
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Example : Required the internal area of the top of a chimney for two 
Lancashire steam-boilers havmg a total area of fire-grate of 66 square feet, 
and a coal-consumption of 1 8 pounds per square foot of fire-grate surface 
per hour. Height of chimney above the fire-grate, loo feet. 

Then 66squarefeet_x_i8 1bs.x-o85 ^ ^^.^^ ^„„^ ^^^ ,he internal 

v' loo feet. 

cross-sectional area of the top of this chimney. 

Bate of Combiuitioxi for a given siie of Factoxy-Ohimney. — ^The 
coal-consumption in pounds per square foot of fire-grate surface per hour, 
W, suitable for a given height of chimney may be found by the following 
formula, in which the notation is the same as that of the previous formula: — 

F X C 

Example: Required the coal-consumption suitable for the boiler with 
chimney described in the previous example. 



Then ^Q'QQ^ square feet area of chimney X 1/ loo feet _ jg lUg ^t ^q-i 
66 square feet of fire-grate area X '085 " 

per square foot of fire-grate surface per hour. 

The height of chimney suitable for a given coal-consumption may be 
found by the following formula, with the above notation :— ^ 

Taking, for example, the data from the previous examples, the height of 
chimney is = 

( 66 square feet of fire-grate area x 18 lbs, x -08 5 V _, ^ ^^ 

10*098 square feet of area of chimney / 

height of the chimney above the top of the fire-grate. 

Area of Faotory-Chinmey fbr Average Bates of CombYMtLOBu — 

The internal area of the cross-section of the top of the chimney of a factory 
steam-boiler, with flues not exceeding 150 feet in length of circuit from the 
fire-grate to the bottom of the chimney, when the consumption of coal is not 
determined, may, in a general way, be found by the following formula : — 

Internal area of the cross-section of the top of a factory-chimney in square 
feet for the average rate of combustion = 

Area of fire-grate surface in s quare feet x C 
1/ (height of chimney in feet). 

In which C = 1*82 for a chimney for one steam-boiler. 

C = 1-53 for a chimney for a range of from 2 to 6 boilers. 
C = 1*34 for a chimney for a range of from 7 to 11 boilers. 
C = 1*17 for a chimney for a range of 12 or more boilers. 
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Example : Required the internal area at the top of a chimney, of 121 
feet in height above the top of the fire-grate, for four steam-boilers, having a 
total area of fire-grate surface of 125 square feet. 

Th^^ »5 squarefeet of fire-grate surface x 1-52 ^ ^^.^^ ^^„^ j^ ^^ 
V 121 feet height of chimney 

area of cross-section of the top of the chimney. 

The height of the chimney of a factory steam-boiler, when the con- 
sumption of coal is not determined, may be found by the following formula, 
in which the notation is the same as that of the previous formula : — 

Height of chimney in feet above the top of the fire-grate ss 

/Area of fire-grate surface in square feet x CV 
v. area of chimney at the top in square feet /* 

Taking, for example, the data from the previous example, the height of 
the chimney is = 

/»5 square feet of fire-grate area x isjV^ „, f^^ the height of the 
\ 17-27 square feet of area of chimney / 

chimney above the top of the fire-grate. 

The internal diameter of the top of a round chimney may be found by 
dividing the area found by the above rule by 7854, and extracting the 
square root of the quotient. The side of the square of a square chimney 
may be found by extracting the square root of the area of chimney. 

A round chimney gives about 2 per cent, better draught than a square 
chimney of the same sectional area and height, but a square chimney costs 
less to build than a round chimney. 

Kftin Hues of dunmeys for Factory Steaai-boilArs. — The 
velocity at which the products of combustion flow through a flue, all other 
things being equal, varies directly as the area of the flue. If the area be 
doubled the velocity of the gases is halved, and so on. 

The main flue should be of larger area than the chimney, to provide for 
the redaction of area due to accumulation of soot. The area of the cross- 
section of the main flue between the boiler and the chimney may be from 
one-third to one-fifth the area of the fire-grate surface. The main flue is 
best made circular, as this form offers the least resistance to the flow of the 
gases. It should be as short and direct as possible, and have no sudden 
changes of cross-section, sharp bends, or currents entering at right angles. 
The internal surfaces of the flue should be as smooth as possible. 

The flues from the boiler should have all the bends formed with a large 
radius, to facilitate the flow of the gases. 

The current of the fuel-gases from one set of flues should not cross the 
direction of other currents. If several currents of gases moving in dif- 
ferent directions meet in a common passage, partitions should be provided 
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Fig. iz.— Section of a chimney 
between two ues. 



to mdntain the currents separate until they have assumed the same direction, 
otherwise the current moving with the greatest velocity will retard, and 
may obliterate, the other currents. 

When flues enter a chimney at opposite sides, a 
partition should be provided, equal in depth or 
height to at least twice the depth of the flue, as 
shown in Fig. 1 1 . 

Coi mlr a oti on of Chimneys for Factory- 
Steam - Boilers, — ^A chimney should be con- 
structed on a dry and firm foundation, to prevent 
unequal settling, tending to crack the walls. The 
brick and stone should be laid in good mortar, and 
care taken to prevent the formation of air leak- 
holes in the walls of the chimney and flues. The inside surfaces of the 
flues and chimney should be as smooth as possible, to oppose the least 
resistance to the currents. 

The design of chimneys varies considerably. A frequently used plain 
design is shown in Fig. 12, and ornamental designs are shown in Figs. 
13 and 14. 

Large chimneys should be provided with an inner perpendicular shell or 
lining, 4^ inches thick, independent of the outer walls, and having a space 

at the back filled with sand, as shown in 
Fig. 15. This arrangement reduces the 
loss of heat by radiation to a minimum, 
and prevents excessive unequal expansion 
and contraction of the outer walls, which 
is liable to occur, as the difference of the 
internal and external temperature is fre- 
quently as high as 600° Fahr. 

The thickness of the walls of factory- 
chimneys up to 150 feet in height is 
frequently 28 inches thick from the 
base up to about one-fourth the height, 
23 inches thick for the next one-fourth of 
the height, 18 inches thick for the follow^ 
ing one-fourth of the height, and 9 inches 
for the remainder or top portion. The inside area of the base of the 
chimney is formed considerably larger than that of the summit, to obtain 
stability of structure. The area-ratio of the bottom to the top varies con* 
siderably in practice. 

The internal area-ratio of a number of well-designed factory-chimneys, of 
from 80 to 120 feet in height, averaged from 175 to 2-15, and of from 135 to 
180 feet in height, from 2'i3 to 3*25. 

The proportions of a number of chimneys from practice are given in 
Table 30, page 78 : — 




Fig. 15.— Section of a chimney with 
inner shell. 
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Fig. 13. Fig. la. Fig. 14. 

Figc 13-14.— Plain and ornamenul chimnexs for factory steani*boilers. 
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Table 30. — Proportions of Chimneys for Factort-Steam-Boilers, 
Collated from Practice. 



Height of Chimney 

above the ground 

in Feet. 


Internal Dimennons. 


Internal 
area-ratio of 
bottom to top. 


Thicknett of Walls. 


SiieofBaseatthe 
Gfound-line. 


SiieofTop. 


Thickness 
at base, In 
inches, at 
proundline. 


Thickness 
at the top, 
in inches. 




Feet Inches. 


Feet. Incheiu 






! 


40 


2 6 


I 9Sq. 


2*04 


18 


9 


60 


2 II 


2 oSq. 


2'12 


18 


9 


70 


3 i 


2 3Sq. 


213 


23 


9 


80 


3 8 


2 6Sq. 


218 


28 


9 


90 


4 


2 9Sq. 


2*27 


28 


9 


100 


4 8 


3 Diam. 


2-40 


28 


9 


no 


4 10 


3 3 Diam. 


2*33 


28 


9 


120 


5 6 


3 6 Diam. 


2*40 


28 


9 


135 


6 


4 Diam. 


230 


28 


9 


150 


4 6 


3 Diam. 


225 


28 


14 


155 


6 


4 6 Diam. 


178 


56 


14 


i6o 


9 


5 oSq. 


324 


36 


14 


170 


7 6 


5 Diam. 


•2-25 


36 


14 


180 


6 4 


4 6 Diam. 


2'00 


54 


14 


200 


5 3 


3 6 Diam. 


228 


36 


14 


225 


16 


6 6Sq. 


4-00 


36 


14 


250 


19 


13 Diam. 


213 


40 


14 


300 


14 


9 Diam. 


242 


48 


14 


450 


21 6 


10 2 Diam. 


4-35 


59 


14 



Factory-chimneys have in some cases been constructed of concrete, but it 
is liable to be cracked by heat, and it is not a suitable material for this 
purpose. 

Stability of Factoxy-Chinmeys. — The stability of a well-built chimney 
to resist being overturned by the force of wind maybe considered to depend 
only upon its weight, and to be independent of the tenacity of the mortar. 
The inclination of the sides of the chimney, or the batter, is so small that 
its influence may be neglected in calculating the force of the wind on 
factory-chimneys. The pressure of the wind is greater on a square than on 
a round chimney of equal width and height. 

The maximum pressure of the wind maybe assumed to be 56 pounds per 
square foot on a square chimney, and the pressure on other forms of section 
is as follows : — 

lbs. lbs. per sq. ft. 

Pressure of wind on a chimney of square section = I'oo = 56 x i'oo= 56 
do. do. of hexagonal „ = 75 = 56 x 75 = 42 

do. do. of octagonal „ = -65 = 56 x -65 = 36*4 

do. do. of circular „ = -55 = 56 x '55 = 30*8 

Weight of r>ctory-Chimniiy»,— The weight of a chimney of a given 
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Kig. i6.~Chinaney-cap. 



Fig. 17. — Chimney-cap 



Fig. 18. — Chimney-cap. 
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Figs. 19-92.— Onuunental caps of chimneys. 
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Fig. 93. 
Qumney-capb 





Fig. 94.— Cast-iroo cap o( chimney. Fig. as* — Cast-iron cap of chimney. 



Figs. 16-95. ^Plain and onumental designs in brick, stone, and cast-iron, for the caps of diimneys 
for factory-steam-boilers. 
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height and width necessary to withstand the pressure of the wind may be 
found by the following formula : — 

Let B = the external width of the chimney at the base in feet. 
b = the mean external width of the chimney in feet. 
H = the height of the chimney from the base in feet. 
P = the pressure of the wind per square foot of surface, varying with the 
form of the cross-section of the chimney as given previously. 
W = the total weight of the chimney in poimds necessary to withstand 
the pressure of tlie wind. 

W = ?iAi X P. 
B 

Example : Required the weight of a factoiy-chimney, necessary to with- 
stand wind-pressure, of square cross-section, 120 feet in height, 12 feet in 
width at the base, and 10 feet in mean width. 

rpr^^ 120 X 120 feet high x 10 feet mean width ^ ^, ^^^^^ ^ ,, 

Inen = — - . , - — ^^ x 50 = 072000 lbs., 

12 feet width of base 

the total weight of the chimney necessary to withstand the wind-pressure. 

The weight of brickwork averages 112 lbs. per cubic foot, and the mean 
thickness of the chimney should be = 

672000, the weight of the chimney . ^ 

120 feet high x 10 feet mean width x 112 lbs. x 4 sides "" ' 

or 1*25 X 12=: 15 inches, the mean thickness of each side of the chimney, 
required to resist the pressure of the wind. 

The weight of a round chimney of the same proportions, to resist the 
same wind-pressure, only requires to be = 672000 lbs. x '55 = 369600 lbs. 

Caps of Factory-ChinmoyB. — ^The caps or tops of chimneys are 
generally formed of ornamental stonework, brickwork, or cast-iron castings. 
Several designs for chimney-caps are shown in Figs. 16-25. The cap of 
the chimney shown in Fig. 24 is an iron-casting made in segments and 
bolted together. The top portion of the casting is formed with a trough, 
which is filled with brickwork and finished with a coat of cement. Another 
form of cast-iron cap for a chimney is shown in Fig. 25. It is formed in 
segments, bolted together with inside-lugs. 

Wrought-iron Chimneys. — Chimneys formed of belts of wrought-iron 
plates from ^ to f inches thick, with lap-joints riveted together, are some- 
times used for temporary work. A wrought-iron chimney is shown in 
Fig. 26. It is provided with a fire-brick lining, 9 inches thick, for one-half 
its height, and a stock-brick lining 4^ inches thick for the remainder of its 
height. The bottom of the chimney is riveted to a cast-iron base-plate, 
bolted on a foundation of brickwork. The top of the chimney is formed 
with an ornamental cap of cast-iron riveted to the plates. To resist the 
action of the wind, steel-wire-guy-ropes may be attached to lugs riveted to 
the second or third belt of plates from the top of the chimney. 
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When the diameter of an iron-chimney is too small to permit it being 
conveniently lined with brickwc^k, it may be lined with earthenware pipes 
rammed behind with clay. 

Xll^htBinif Ckmdvflton. — ^A light- 
ning conductor, formed either of a tatpe 
of copper i^ inches wide and | inch 
thick, or of a f inch copper wire-rope, 
should be fixed with fastenings spaced 
about 6 feet zpant on the outside of a 
factory chimney. The bottom end of 
the conductor should nm into damp 
earth a distance of not less than 7 yards, 
or it may terminate in a well or water- 
pipe. When the end of the conductor 
cannot terminate in permanently damp 
earth, it should be placed in a pit filled 
with coke and small pieces of cork, 
provided with inlets for the percolation 
of rain-water. 

Tnbe Boilers. — The area of the cross- 
section of the funnel or chimney of a 
return-tube boiler may be from one- 
third to one-fifth the area of the fire- 
grate surface. The maximum height 
of a funnel above the fire-grate is 95 
feet, and the average height is from 60 
to 70 feet. 

dumneys for Teitical Boilars. 
— ^The area of the cross-section of 
chimneys of vertical cross-tube boilers, 
and of vertical multitubular boilers, 
varies in practice from one-tenth to one- 
sixteenth the area of the fire-grate. 

Chxmni&ym fox PortabU-Sngma 
Boiloni. — ^The area of the cross-section 
of the chimney of a portable-engine 
boiler of the locomotive type should be 
from one-tenth to one-twelfth the area 
of the fire-grate. 

Chimneys for LooomotiTe-Sii- 
gine Boilers. — The area of the cross-section of the chimney of a locomo- 
tive-engine boiler should be from one-eleventh to one-twelfth the area of 
the fire-grate. The height of the chimney from the top of the rails is 
from 13 feet to 13 feet 4 inches. 

S.B.C. G 




Fig. a6.— Factory chimney constructed of 
wrought-iron plates. 
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Bteam-blast in Chimneys.— The exhaust steam-blast is a very effi- 
•cient means of improving the draught of a chimney. It drives the column 
of gas before it in the chimney and causes a partial vacuum, resulting in air 
being forced through the fire and tubes, and conducing to rapid combus- 
'tion of the fuel. When exhaust-steam is discharged into the chimney of a 
multitubular boiler, the nozzle should be level with the bottom of the top 
jow of the tubes. 

The area of the nozzle may be found by the following formula :— 

Area of blast-nozzle of exhaust-pipe in square inches = 
Area of fire-grate in square inches, 
C 
an which C = 130 for boilers of locomotive engines. 

C = 300 for boilers, of the locomotive type, of portable engines. 

For instance, the exhaust-nozzle of a locomotive boiler, having an area of 
fire-grate of 20 square feet, should be = (20 square feet x 144) -r- 130 = 
22*15 square inches in area: 

and = A/^JLll = 5'2Q inches diameter. 
V 7854 

Exhaust-steam-blast in the chimney is only suitable for metal chimneys. 
Steam should not be discharged into a chimney of brick or stone, because 
it rapidly disintegrates the mortar and injures the walls of the chimney. 

EfESsot of Steam-blast on Evaporation. — ^The effect of exhaust- 
steam-blast on evaporation may be measured by comparing the average 
consumption of coal with natural draught and ' with steam-blast. For 
instance, if the consumption of coal in a boiler with natural draught be 
taken at 20 pounds per square foot of fire-grate surface per hour, and that 
of a locomotive boiler with exhaust-steam-blast in the chimney at 80 pounds 
per square foot of fire-grate surface per hour : then the ratio of the effect 
of exhaust steam-blast to the effect of natural draught is = 80 pounds -r- 20 
pounds = 4. And if the quantity of water evaporated per pound of coal 
be the same in each case, the rate of evaporation is four times as great with 
exhaust-steam-blast as with natural draught. 

Artifioial or Forced .Draught for Steam-Boileni. — ^The object of 
forcing the draught of the furnaces of steam-boilers by mechanical means, 
such as by fans discharging air under the fire-grate, or both above and below 
the grate, is to obtain more rapid generation of steam than can be obtained 
with the available natural draught. Forced draught is usually effected in 
marine boilers, either by forcing air into the furnace, or by closing the 
stokehold and filling it with air of a greater pressure than that of the 
atmosphere. 

Artificial draught can be readily adjusted to effect the combustion 
of different kinds of fuels at different rates of combustion. It permits 
efficient combustion of fuel of inferior quality, and enables a steady supply 
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of Steam to be maintained, independent of climate and weather. It enables 
the supply of air to be properly distributed to the fuel in the furnace to 
effect economical combustion. 

The supply of air above the fuel can be readily adjusted to eflFect com- 
bustion of the gases evolved by the fuel, and the supply of air below the 
fuel can be regulated to effect the combustion of the solid portion of the 
fuel, and the movement of the hot gases can be readily controlled. 

EfRect of Forced Draught. — ^The application of forced draught to a 
furnace afiFords a means of obtaining a higher rate of combustion of fuel 
per square foot of fire-grate surface per hour than is conveniently obtainable 
vith natural draught. The rate of combustion obtained in practice varies 
with the intensity of the draught from 30 to 200 lbs. of coal per square foot 
of fire-grate surface per hour. A moderate rate of forced combustion is 
from 35 to 50 lbs. of coal per square foot of fire-grate surface per hour. 

The greater rapidity of combustion with forced draught enables a smaller 
fire-grate to be used for the development of equal power than is necessary 
for natural draught. 

More complete combustion, giving a higher temperjiture, may be 
obtsuned in a furnace with forced than with natural draught. The heating 
surfaces of the boiler are also more efficient, because there is a greater 
difference m the temperatures of the water-surface and fire-surface of the 
plates forming the heating surfaces. As the rate of transfer of heat varies 
as the difference in the temperature of the water on one side of the plate 
and that of the fuel gases on the other side, the greater this difference the 
greater the amount of heat which will pass through a unit of heating surface 
in a given time. 

The higher rate of evaporation obtained with forced draught permits 
the use of smaller boilers for engines of a given indicated horse-power, than 
are necessary w^ith natural draught. 

Soonomy of Forced Draught. — The economy that may be obtained 
by combustion with forced draught in a steam-boiler is due to the increased 
rate of combustion and the increased efficiency of the heating-surfaces 
produced by it, resulting in increased boiler-power. The increase of power 
obtained depends principally upon the quantity of air brought in intimate 
contact with the fuel in a given time, but the power of a boiler may 
generally be increased from 40 to 100 per cent, by the application of well- 
arranged forced draught. 

It is difficult to increase the power of a boiler by forcing the draught 
without increasing the ratio of consumption of fuel per unit of evaporation. 
Economy can only be effected when the quantity of air brought into 
intimate contact with the fuel is less in weight per pound of fuel consumed 
than is obtained in combustion with natural draught. To prevent waste of 
heat it is necessary that the heating-surfaces of the boiler be so arranged as 
to absorb the greater amount of heat generated in a given time by the 
increased rate of combustion. If these conditions do not exist, the ratio of 

G 2 
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consumption of fuel to water evaporated invariably increases with the use of 
forced draught. 

A thick fire is necessary for economical combustion with forced draught* 
It should not, in a general way, be less than lo inches thick, and it should 
not be allowed to bum down to a less thickness than 7 inches before stok- 
ing. A thin fire causes loss from the entrance through the fuel of an 
excessive supply of air. The stronger the draught the thicker must the fire 
be. The height between the top of the fire and the crown of the furnace 
should not be less than 10 inches, but rather greater. 

Power Baqvired to Drive Fans for Forcing Comlmstion. — ^The 
power required to drive a fan for forcing the draught in the furnace of a 
steam-boiler, may be found by the following formula : — 

Let P = the pressure of the air delivered by the fan in pounds per square 

foot. 
V = the volume of air at 32° Fahr. in cubic feet used per pound of fuel. 
W = the weight of fuel in pounds burnt per square foot of fire-grate 

surface per minute. 
A = the area of the fire-grate in square feet. 
T = the absolute temperature of the air entering the fan in degrees 

Fahr. 
C = the coefiicient of the efficiency of the fan, which varies in 

practice from -2 to '5. 

Then, the indicated horse-power required to drive a fan = 
PxVxWxAxT 
33000 X (461° + 32^ X C 

The pressure of the air in pounds per square foot, is found by multiplying^ 
the pressure in inches of water by 5*196. 

Example : Required the indicated horse-power of an engine to drive a 
fan to deliver air at a temperature of 69° Fahr., at a pressure of 3 inches of 
water : weight of coal burnt per square foot of fire grate per hour, 84 lbs. : 
area of fire-grate 50 square feet : air allowed for combustion 200 cubic feet 
per pound of coal. 

Then the pressure of the air is = 3 inches x 5*196 = 15*588 lbs. per 
square foot : the coal burnt per square foot of fire-grate per minute is = 84 
-5- 60 = 1-4 lbs. : the absolute pressure of the air entering the fan is = 
69° -f 461° = 530° Fahr. The eflSciency of the fan may be taken at -5, 

, 15-588 lbs. X 200 X 1*4 lbs. X 50 X 530° . ,. 

and -^-^ ^S ^^— = 14*21 indicated 

33000 X 493 X '5 ^ 

iiorse-power. 

If 22 indicated horse-power were developed per square foot of fire-grate 

surface per hour, then the power of the boiler will be = 22 x 50 = iioo 

indicated horse-power, and the power absorbed in driving the fan is = 

(14-21 X 100) -5- 1 100 = 1*3 per cent, of the total power developed. 
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Kaating-SiirfiMM of 
9taaiii-Boil«rs worked 
with Forced Draught. 

— With an efficient sys- 
tem of forced draught, 
one indicated horse- 
power may generally be 
economically developed 
from two square feet of 
the heating-surface of 
marine return -tube 
boilers fired with good 
coal. The proportion of 
heating-surface to fire- 
grate surface may be 45 
to I. Small tubes are 
more eflFeclive with 
forced draught than 
large tubes, and the 
smoke-tubes may be at 
least one-fourth less in 
diameter than the tubes 
used for natural draught. 

When thus propor- 
tioned, a boiler worked 
with efficient forced 
draught to supply steam 
for engines of 1000 indi- 
cated horse -power, 
would have 1000 x 2 = 
2000 square feet of total 
heating surface, and 
2000 -f- 45 = 45 square 
feet of fire-grate surface ; 
and 1000 -T- 45 = 22*22 
indicated horse -power 
would be developed per 
square foot of fire-grate 
surface per hour. 

A considerable saving 
of fuel may be effected 
by the employment of 
well-arranged forced draught in marine return-tube boilers, and 
power may be obtained with less size or number of boilers than with 
having combustion with natural draught. 




AwmppfO ih} Of g 'C^ 
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Szperiments on Combustion with ITatnral and Forced Draught 
in the Fnmace of a Stoam Boiler. — Numerous evaporative experi- 
ments with natural and forced draught were made by Mr. W. G. Spence, 
with the boiler shown in figs. 27 and 28.* The heating-surface of the boiler 
is 445*9 square feet : area over the fire-bridges, 2*3 square feet : area through 
the tubes, 3 square feet: water-surface, 80-5 square feet: steam space, 107*2^ 
cubic feet. There are 2 furnace-tubes 27 inches diameter, and 88 smoke 
tubes 2f inches external diameter. 

Taking first the natural draught series of experiments, the firing was 
maintained as similar as possible in all the experiments, and the effect oa 
the efficiency of combustion of varying the rate of admission of air above 
the fire-grates was noted. For this purpose each furnace-front was fitted 
with 44 air-holes. A, each hole being tapped | inch in diameter, so that 
by inserting screw-plugs, the number of open holes could be regulated or 
closed. The bottom part of each backbridge was fitted with 7 holes f inch 
in diameter, C, the whole or any number of which could be stopped ui> 
by the insertion of bolts. 

In the front of the fire-bridge, H, in each furnace, a box, B, was placed ; 
these, being open at the bottom, and having each 24 holes f inch diameter 
in the top, allowed air to rise direct from the ash-pit to the coal-gas as it 
passed. These boxes were only put in place in the trials where they are 
shown as having been open in the last column of the following table ; in 
the other trials they were removed, and replaced with fire-brick. Each 
ash-pit was closed with a sheet-iron mouthpiece. 

The results of four trials with natural draught are given in the following 
Table. 



Table 31. — Results of Experiments with a Steam-Boiler having 
Combustion with Natural Draught. 



Length of fire-grates in inches 


39 


39 


39 


39 


Ditto air-openings in grate-bars in 










inches 


35 


35 


35 


35 


Area of fire-grates in square feet . 


14-625 


14625 


14-625 


14-625 


Sq. ft. of air-opening through grate-bars. 
Square feet of solid grate-bar surface . 


6-o8 
8-545 


6-o8 
8-545 


6-o8 
8-545 


7-05 


7*575 


Ratio of opening through fire-grates '^ 


I 


I 


I 


I 


to total area of the fire-grate . . ) 


3'4 


2'4 


2*4 


2-o8 


Number of i^-^^ch diameter holes round 










the fire-doors open above the fire- 










grate 





16 


88 


88 


Number or f -inch diameter holes open 










in the bottom of back bridge . 





13 


13 


13 



* See a paper read by Mr. Spcnce before the North-East Coast Institution of Engi- 
neers and Shipbuilders. 
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Table 31 continued, — Results of Experiments with a STEAM-BoittR 
HAVING Combustion with Natural Draught. 



Number of |-inch diameter holes open 
in the top of the bridge above the 
grates ....... 

T^al square inches of air-opening direct 

to gas, above the fire-grate 
Square-inch opening direct to gas . . 

Square-inch opening through fire-grates 

Ratio of opening direct to gas to 
opening through the fire-grates 

Air used per pound of coal in cubic feet 
Ditto ditto pounds . 

Temperature of the air entering the ash- 
pits in degrees Fahr. 

Highest temperature in the uptake in 
degrees Fahr 

Lowest temperature in the uptake in 
degrees Fahr 

Duration of emission of dense black 
smoke after firing in minutes . 

Total duration of the emission of smoke 
after firing in minutes . 

Coal consumed per hour in pounds 

Ditto square foot of fire- 

grate per hour in pounds . 

Percentage of ashes 

Square feet of heating-surface per pound 
of coal consumed per hour 

Pressure of steam in the boiler in pounds 
per square inch above the atmosphere 

Water evaporated per hour in pounds 
from and at 2 1 2^ Fahr. . . . 

Water evaporated per square foot of 
heating surface in pounds per hour, 
from and at 212° Fahr. . 

Water evaporated per square foot of fire- 
grate in pounds per hour, from and 
at 212** Fahr 

Water evaporated per pound of coal in 
pounds, from and at 2 1 2^ Fahr. 

Efficiency, calorific value of coal being 
14' I pounds 



.) 875 90-2 31-7 












48 





875 


162-3 

12-25 


97 
97 

875 

I 

90-2 
224-6 
16-83 


27-56 
27-56 

875 
I 

317 

243 
18-17 


42-25 

42-25 

1015 

I 

24 

18-46 


69 


71 


73 


62 


857 


810 


818 


737 


725 


707 


722 


657 


3i 


3 


k 


° 


8 
256-6 


7 
272-7 


5i 

271-3 


4 
257 


17-54 
1-22 


18-64 
1-48 


18-55 
2-1 


17-39 
223 


173 


i'635 


1-64 


1-74 


55 


55 


55 


55 


2354 


2581 


2710 


2637 


5-27 


578 


6-07 


5-91 


160-9 


176-4 


185-3 


i8o*4 


9-16 


9-46 


lo-oi 


10-25 


•65 


•671 


71 


•727 



It was concluded from these experiments on combustion with natural 
draught, that it is impossible to obtain satisfactory combustion in furnaces- 
having the whole air-supply drawn up from the ash-pit through the fire 
only. 



88 



STEAM-BOILER CONSTRUCTION. 



That, with any arrangement of fire-grate similar to that used in these 
experiments, a collective area of not less than from one-twentieth to one- 
twenty-fourth of the open space between the fire-bars, should be provided 
for the admission of air direct to the gases. That this area should be made 
up from holes of f inch diameter, or not exceeding J inch diameter, spread 
over the furnace-front, door, and bottom of backbridge. 

That, even with this provision for air-supply, with the thickness of fire 
necessary in practice, it is diflScult to obtain a rate of supply of air exceed- 
ing 20 lbs. of air per pound of coal, and that the air supply is more liable 
to be deficient than excessive. 

That, with a sufficient and properly distributed supply of air direct to the 
gases, the same rate of evaporation can be obtained from a boiler as with 
the supply of air passing up through the fire only. That the consumption 
of coal will be reduced about 10 per cent., and the smoke will be 
diminished 50 per cent, in intensity and duration. 

Forced Zhnanght, SxperimeiitB. — The forced draught experiments 
by Mr. Spence were made with the same boiler that was used for the 
natural draught experiments, but an alteration was made in the fire-grate. 
The level of the fire-grate was lowered to 5 inches below the centre-line of 
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Fig. 99.— FurnAce of boiler used in experiments on forced draughts. 



the furnace-tube, as shown in fig, 29, in order to obtain a thicker fire, and 
the length of the fire-grate was reduced. The fire-bars for conveyance 
were placed across the furnace, they were f inch thick, with air-spaces one- 
sixteenth inch wide, forming a total open space between the bars of one- 
seventh the total area of the fire-grate, instead of -7- as used for natural 

2 4 

draught. 

The results of three experiments on combustion wiih forced draught wiih 
cold-air, and of one experiment with hot-air, are given in the following 
Table. 
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Tabi-e 32. — Results of Experiments with a Steam-Boiler having 
Combustion with Forced Draught. 



Futkulan. 



I Length of fire-grates in inches 
I Area of fire-grate in square feet . . 
I Sq, ft. of air-o pen ing through grate-bars 
; Square feet of solid grate-bar surface . 

1' Ratio of opening through fire-grates") 
to total area of the fire-grate . . J 
Number of -j^inch diameter holes 
round the fire-doors open above the 

fire-grate 

Air-opening direct to gas, in square 

inches 

Square-inch opening direct to gas . . 
Square-inch opening through fire-grates 
Ratio of opening direct to gas to open- ") 

ing through the fire-grates . . ) 
Pressure of air above the fire-grate in 

inches of water .... 
Pressure of air in the ash-pits • . . 
Air used per pound of coal in cubic 

feet 

Air used per pound of coal in pounds . 
Temperature of the air entering the ash- 
pits in degrees Fahr. 
Highest temperature of the uptake in 

degrees Fahr 

Lowest temperature of the uptake in 

degrees Fahr 

Duration of emission of dense black 

smoke after firing in minutes . 
Total duration of the emission of smoke 

after firing in minutes 
Coal consumed per hour in pounds 
Ditto per square foot of fire- 

grate per hour, in pounds . . . 
Square feet of heating-surface per pound 

of coal consumed per hour 
Pressure of steam in the boiler in pounds 

per square inch above the atmosphere 
Water evaporated per hour, in pounds, 

from and at 212* Fahr. . . 

Water evaporated per square foot of 

heating-surface, in pounds per hour, 
fr^om and at 212^ Fahr. . . 



Forced Draught with Cold Air. 



Forced 
Dmuffht 

with 
Hot Air. 



21 
7-218 
I 03 



6-188 
I 

7 



o 
o 



148-3 
o 

•875 

•4 

224*6 

17-1 
62 

787 
725 

32 

8 
285-5 

39*5 
1-56 

55 
2688 

6-02 



17 

5-83 

Is 

5 

I 

7 



48 

11-9 

ir9 

119-5 

I 
10 

1-66 
•66 

280*9 
21-86 

49 
780 
690 

o 

3i 

277-2 

47*5 
r6 

55 
2873 

644 



21 
7-218 
1-03 
6-188I 
1 

V 

58 

14-38 
14-38 



17 

^83 

5 
I 

7 

88 

21-8 
21-8 



148-3 
I 

10-3 



•937| 
-4 



U9-5 
I 

5"^ 

1-025 i 
-438' 



266-7 
20-3 

62 

813 

745 

o 

4 
267*1 

37 
1-66 

55 
2853 



351 
19-9 

242 

698 

614 

o 

3i 

227-5 

39 
1-96 

55 
2517 



6-395 5-64 
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Table 32 continued. — ^Results of Experiments with a Stsam-Boilsr 
HAVING Combustion with Forced Draught. 







Foitxd 


Pardculars. 


Forced Draught with Cold Air. 


Hoc Air. 


Water evaporated per square foot of 










fire-grate, in pounds per hour, from 










and at 212° Fahr 


372-3 


4927 


395*3 


431-8 


Water evaporated per pound of coal in 










pounds, from and at 212° Fahr. * . 


9-41 


io'35 


10*67 


ii-o6 


Efficiency, calorific value of coal being 










14-1 pounds 


•667 


734 


757 


784 



In the trial, giving the results stated in the first column of the above table, 
no air was admitted direct to the gases, the water evaporated per pound of 
coal was 9*41 pounds, and the efficiency is •667. The results obtained 
from the natural draught experiment, with no air admitted direct to the gases^ 
were from Table 31, = an evaporation of 9*16 pounds of water per pound 
of coal and an efficiency of '65, showing a gain of: — 

•667 — '65 X 100 __ 
•65 
2^6 per cent, from the use of forced draught. 

In the trial giving the results stated in the third column of the above 
table, air was admitted direct to the gases through openings equal a little 
greater than one-tenth of the total open space between the grate-bars, and 
10*67 pounds of water were evaporated per pound of coal, the efficiency being 
757. Comparing this with the best results obtained with natural draught, 
given in the fourth column of Table 31, when 10*25 pounds of water were 
evaporated per pound of coal and an efficiency obtained = 727. It shows 

"7C7 ""• "'72 7 X 100 

-i^^ '—^ = 4'i2 per cent, in favour of forced combustion. 

727 

In the forced draught trial with hot air, the results of which are given in 
the fourth column of the above Table, the water evaporated per pound of 
coal was ii*o6 pounds and the efficiency •784. 

Comparing this with the highest efficiency obtained with forced draught 
it shows an increase in efficiency. 



_. '784 — 757 X 100 
757 



= 3*55 per cent. 



due to the employment of hot air. 

It was concluded from these experiments on combustion with forced 
draught, that a considerable area for air direct to the gases must be supplied 
to ensure efficient combustion and reduce smoke. 
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That, in designing a fire-grate for forced draught, the ratio of open air-space 
between the fire-bars to total fire-grate surface should be much less than i» 
necessaiy for natural draught. 

That a moderate air-pressure of about '35 inch of water in the ash-pit, 
giving a rate of combustion of about 35 pounds of coal per square foot of 
fire-grate per hour, is more economical than greater air pressure with 
increased rates of combustion. 

That, by the use of moderate forced draught, a higher eflSciency of 
combustion is obtainable than by using natural draught only< 

Vazioiiui Systenui of Fovoed Ihranglit. — Several systems of forced 
draught have been applied to marine-boilers, some of which may be briefly 
described as follows : — 

Howd«n'8 System of Forced Ihrauglit. — In Howden's system of 
forced draught, the air supplied to the furnace is heated by passing through 
a series of tubes placed in the path of the escaping products of combustion, 
thus utilising waste heat. The ash-pit is closed and the hot air is supplied 
to the fire both above and below the fire-grate. The pressure of the air in 
the ash-pit is from f to i inch of water, according to the nature of the coal 
used. 

With this system of forced draught from 30 to 26 indicated horse-power 
per hour have been developed per square foot of fire-grate surface of the 
boiler, with a coal consumption of i'25 pounds per indicated horse-power 
per hour. 

Comparing this with 12 indicated horse-power per square foot of fire-*^ 
grate surface per hour, the average maximum power attainable in marine 
boilers with natural draught, the increase of power obtainable with this 
system of forced draught is, 

^26~i2X 100^ „6 per cent. 

12 

on the power with natural draught. 

Ferraado System of Forced Ihrauglit. — ^In the Ferrando system of 
forced draught the fire-bars are placed transversely in the furnace, they are 
narrow, being ^ inch thick, and the air-spaces between them are -^ inch 
wide. The ash-pit is closed and the air required for combustion is supplied 
at a pressure equivalent to a head of f inch of water. This system of 
forced draught is very efficient for burning small and inferior kinds of 
coal. 

Fothergill'e System of Forced Ihrauglit. — ^In Fothergill's system of 
forced draught, air is supplied to the furnace and also at the back of the com* 
bustion-chamber to assist the combustion of the fuel-gases. The ash-pit is 
closed, and air is forced into it at a pressure of '5 to 7 inch of water* 
The advantage claimed for this system of forced draught is that it will 
effect a saving of about 20 per cent, in fuel. 

Closed-stokehold System of Forced Draught. — In this system of 
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forced draught the stokeholds are closed and filled with air by fans, all the 
air being compelled to pass through the furnaces of the boilers. The 
following figures shewing the indicated horse-power per square foot of fire- 
grate surface have been obtained with this system of forced combustion : — 

Air-pressure in stokehold in inches of water . f i i^ i^ if 2 2^ 
Indicated horse-power developed per square 

foot of fire-grate surface per hour . . 15 1617 18 19 20 23 

Comparing the highest power in this table with the average maximum 
power attainable in marine boilers with natural draught, the increase of 
power obtainable with this system of forced combustion is : — 

— 23 -^I^_X_IOO 

" 12 

= 92 per cent, on the power obtained with natural draught. 

Forced Combiuitioii by Induced Draught. — In Martin's system of 
induced draught, fans are placed in the base of the funnel of a marine- 
boiler, by means of which the air is drawn through the furnace and tubes 
of the boiler. Some experiments were made with this system of induced 
draught on a locomotive type of boiler, used as a stationary boiler, the 
results of which are as follows : — 

Area of fire-grate in square feet 16*32 19-8 19*80 

Coal consumed per square foot of fire-grate in lbs .51*50 39*0 40*50 

Water evaporated per pound of coal from and at 212° 

Fahr. in pounds 11*75 ^o"? ii'49 

Pounds of water evaporated per square foot of heating 

surface from and at 212° Fahr. in pounds . 1073 9*^ 10*38 

Indicated horse-power per hour per square foot of fire- 
grate 25*73 17*87 19*94 

Indicated horse-power of the boiler . 420 354 395 

These experiments show that a higher power may be obtained from 
a boiler having combustion with induced draught on this principle than 
can be obtained with natural draught. 

Feed-water for Steam-boileni. — Water is never found absolutely pure 
in nature, because, being a powerful solvent, it becomes more or less 
contaminated by foreign substances. The purest water that can be found 
in a natural state is obtained by melting snow collected in clean vessels 
at a great distance from houses, far beyond the reach of smoke. Rain- 
water collected in the same manner is also very pure. The only impurities 
contained are those absorbed by the snow or rain in falling through the 
atmosphere. 

All varieties of water, rising in the form of springs or flowing on the 
surface of the earth, contain impurities or mineral salts which the water has 
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dissolved from substances with which it has been brought in contact, which 
render the water more or less hard. 

Soap dissolves easily and lathers freely in soft water, but decomposes 
and makes little or no lather in hard water. 

Composition of Water. — Water is a chemical combination of two 
gases, oxygen and hydrogen, in the following proportions : — 

Weight. Weight. By Dulong . 

H 2 . 2 . II'III . II'I 

O . 16 . 88*888 . 88*9 



H 3 O . 18 . 100 . 100 

The proportion of these constituents is always precisely the same in pure 
water, namely, eight parts by weight of oxygen and one of hydrogen. 
Water is a neutral compound, and when pure is absolutely free from acidity 
and alkalinity. 

Water absorbs air and gases in different proportions. It greedily absorbs 
carbonic-acid gas, and all kinds of water in a natural state contain a small 
quantity of air and carbonic-acid gas which they have absorbed. These 
may be driven off by boiling, but if the boiled water be again exposed to 
the atmosphere it will absorb air and gases again. One sample of 98 cubic 
inches of water from a spring contained two cubic inches of air, which 
consisted of 10 per cent, of carbonic acid, and 88 per cent, of oxygen and 
nitrogen. 

Water obtained from freshly-fallen snow contains little or no air. Rain* 
water generally contains at least from three to four per cent of carbonic- 
acid gas. Water containing air and carbonic -acid gas corrodes 
metals. 

HaJa-Water is the purest of all natural water when not contaminated 
during or at its fall. Its piuity depends upon the atmosphere of the locality 
in which it falls, and the state of the surfaces which collect it. It contains 
in solution such gaseous substances and organic or other matter floating in 
the air, as it may have dissolved in falling through the atmosphere. From 
its purity its solvent power is greater than that of other natural waters. The 
respiration of all animals, decaying dead animal and vegetable matter, and 
the combustion of fuel, continually evolve acid and sulphurous gases into 
the atmosphere. The gases arising from decomposition are chiefly 
carbonic-acid, nitrous, and nitric acid, chlorine and ammonia. These are 
all soluble in water, and are freely absorbed by mists and showers. Rain- 
water should be collected and stored in districts where there is a scarcity of 
water, but it should be purified before being used. Rain-water frequently 
contains so many impurities, that when used as feed-water for boilers, it 
rapidly corrodes them. 

BiT«v-w«t«r is composed partly of spring-water, and partly of rain-water 
or surface-water. River-water is of variable composition, but it is generally 
soft, and is next in purity to rain-water. It generally contains more organic 
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matter than spring-water, and frequently has a considerable quantity of 
matter, such as clay or soil, mechanically suspended. 

Water from Springs, — ^Waters from springs hold in solution eveiy 
soluble mineral contained in the rocks or earth through which they flow. 
Therefore spring-water frequently contains many impurities and salts in 
solution. The salts most frequently found in water from springs are 
sulphate of lime, carbonate of lime, sulphate of magnesia, chloride of 
sodium, alum, and salts of iron. Th^se salts consist of an acid united 
to a substance. For instance, sulphate of lime consists of sulphuric-acid 
and lime, carbonate of lime of carbonic-acid and lime, and sulphate of 
magnesia of sulphuric-acid and magnesia. Water is termed hard or soft 
according as the salts are present in a greater or less quantity. Sulphate of 
lime is the most general cause of the hardness of ordinary spring-water. 

Water containing carbonates of lime and magnesia is temporarily hard, 
and may be softened by boiling. Water containing sulphates of lime and 
magnesia is permanently hard. These minerals are released or separated 
from the water when it is heated to a temperature not less than 90° degrees 
above the boiling point of fresh water. 

Water may be purified of foreign substances held in mechanical 
suspension by filtration, and of mineral substances held in solution by 
heating it for some time to a high temperature. The minerals may also be 
removed by chemical treatment. Water for steam-boilers should be as 
pure as it is possible to obtain it, or as it is practicable to make it, by 
removal of the mineral substances before it enters the boiler. 

Weight of Pore Water. — The weight of pure water at a temperature 
of 62° Fahr. is usually taken at 62*355 ^^s* P^^* cubic foot, and at '03608 lb. 
or 252*595 grains per cubic inch. It has, however, been accurately deter- 
mined that, one cubic inch of distilled water freed from air, and then 
weighed against brass^weights in air at a temperature of 62° Fahr., the 
barometer being at 30 inches, weighs 252*286 grains. 

SeapWater. — The composition of sea-water varies in different localities. 
The water of the English Channel contains less salts than that of mid- 
ocean. The composition of sea-water from the English Channel, near 
Hastings, is approximately as follows : — 

Water 96*44 parts. 

Sodium chloride 2*74 

Potassium chloride '08 

Magnesium chloride '37 

Magnesium sulphate '23 

Calcium sulphate *I4 

ICX)'00 

The quantity of salts held in solution in sea-water varies considerably. 
The Atlantic Ocean contains 4 per cent., the Mediterranean 3J per cent., 
the German Ocean 3 per cent., the Caspian Sea i^ per cent. 
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Sea-water, in a general way, contains about -^ part of its own weight in 
salt. Each -^ part of salt is termed a degree of salt, and it increases the 
boiling point of fresh water to the extent of I's^ Fahr. Each degree of salt 
represents five ounces of salt per gallon of sea-water. For instance, the 
boiling point of sea-water of 2 degrees of saltness is = 1*3 x 2 =: 2*4 + 
212^ = 214*4^ Fahr., and the water contains 5 ounces x 2 = 10 ounces of 
salt per gallon. One gallon of sea-water at 62^ Fahr. weighs 10*25 pounds. 

EfPeot of Keat on Water. — Heat is most effective when applied 
at the lowest part of the liquid to be heated. There is no change of 
temperature in liquids under ordinary conditions without causing a dis- 
placement of particles. If heat be applied under a boiler containing water, 
the molecular motion of the heated plates is transmitted to the water in 
contact with them, and the particles of water near the bottom of the boiler 
being heated first, they expand, become specifically lighter and ascend. 
Colder particles immediately occupy their place, become heated, and 
ascen^ in their turn. In this way a current is established, the heated 
particles continually rising up through the centre of the mass of water, and 
colde^ particles descending at the sides. 

Th^ heat is not conducted from particle to particle without displacement, 
as in the case of solids, but each particle as fast as it receives a fresh 
accession of heat starts off with it and conveys it to a distance, dis- 
placing other and colder particles in its progress. Therefore there are 
two distinctly separate currents moving in opposite directions. The upward 
self-rising current consists of a mixture of steam-bubbles and hot water ; 
the downward current consists of cooler water only. These currents are 
called convection-currents; they rise at the hottest parts and descend at the 
cooler' parts of a boiler. 

It is essential to provide ample area in the water-spaces of steam-boilers 
for both ascending and descending currents, to allow complete separation of 
the currents, without which circulation cannot take place. When steam 
has to escape through a narrow channel, such, for instance, as from tubes 
hanging down into the fire, having their lower ends closed, or pendant 
water-tubes, it is necessary to provide separate passages for the ascending 
and descending currents to prevent collision of the currents, which might 
cause the water to be lifted from the heating-surfaces, and result in over- 
heating and priming in a steam-boiler. This is effected by the introduction 
of an internal circulating tube into the pendant tube, through which the 
descending current of cooler water flows undisturbed by the rising steam in 
the ascending current of water in the outer annular space. 

When heat is applied to the side of a liquid, as in the case of an 
internally heated vertical tube, surrounded by water, say a tube of a vertical 
steam-boiler, the bubbles of steam have a tendency to cling to the tube, 
and the steam generated at the lower end of the tube creeps up the surface 
and tends to keep the water from contact with the metal, and if the heat be 
very intense, it may lead to overheating and distortion of the tube. 



96 



STEAM-BOILER CONSTRUCTION. 



ion of Water by Keat. — ^The weight of a gallon of water is 
frequently taken at lo pounds irrespective of temperature, but this leads to 
serious errors in calculating the weight of hot feed-water. The application 
of heat to water causes it to expand, and the volume increases with each 
degree of rise of temperature above the point of maximum density, which is 
7* I** above the freezing point, or 39* i Fahr. 

The volume and weight of water at different temperatures, compared 
with water at 32° Fahr., are given approximately in the following Table, 
which is useful for calculating the weight of hot feed-water for steam- 
boilers up to 2 10° Fahr. 



Table 33. — Expansion and Approximate Weight of Pure Water at 

DIFFERENT TEMPERATURES BETWEEN 32^ AND 2X0** FaHR. 



Temperature of 
Water in De- 
grees Fahr. 


Volume Com- 

iHured with that 

of Water at 

32* Fahr. 


Weight Com. 

pared «rith that 

of Water at 

3a- Fahr. 


Weight of One 

CuSc Foot in 

Pounds. 


Weight of One 
Gallon in 
Pounds. 


deg. 
32 


I -00000 


I'OOOOO 


62-418 


10-010 


39 


.99988 


I-OOOIO 


62-425 


lo-oii 


40 


•99988 


I-OOOIO 


62425 


10-01 1 


50 


I -00012 


•99983 


62-409 


10-008 


60 


I -00075 


.99924 
•99898 


62-372 


10-005 


62 


I'OOIOO 


62^355 


10*000 


r 


I-OOI59 


•99830 


62-311 


9'993 


80 


1-00298 


•99700 


62-231 


9-980 


90 


roo457 


•99540 


62-133 


9-964 


100 


1-00640 


.99362 


62-022 


9'947 


no 


1-00887 


•991 17 


61-865 


9-922 


120 


1-01136 


'9^^73 
•98628 


61-716 


9-896 


130 


1-01388 


61-562 


9-872 


140 


1-01687 


•98342 


61-380 


9-843 


150 


1-01986 


•98047 


61200 


9-815 


160 


1*02337 


•97713 


60-990 


9-780 


170 


1-02686 


•97378 


60-780 


9*747 


180 


1-03094 


•97003 


60-546 


9-710 


190 


103495 
1-03883 


•96630 


60-312 


9-670 


200 


•96254 


60-080 


9*634 


210 


1-04310 


•95870 


59847 


9-602 



The volume and weight of distilled water at different temperatures 
above 212° Fahr., and the corresponding pressure of steam, are given in the 
following Table by Mr. R. H. Buel, in which the volume is compared with 
the volume at the temperature of maximum density, 39-1° Fahr. By means 
of this Table the volume and weight of water in a steam-boiler may be 
accurately calculated. 
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Tabls 34. — Volume and Weight op Distilled Water at different 
Tehperatures above 212^ Fahr. 





CoiTBspondinf 


Relative Volame 






TtanetatoRof 

V^r in 
OegraesFahr. 


Pressure 01 

theAtmotphen 

•quart inch. 


coonpftrod witn 

the Vdume at 

the Temperature 

of Maximum 

Density. 


Weight of One 

Cubic Foot in 

pounds. 


Weight of One 
Gallon in 
pounds. 



213 





10434 


59*828 


9-595 
9-581 


"11 


I 


I -0449 


59741 


2 1 8-6 


3 


1*0464 


59-659 


9-567 


32X-6 


3 


I -0477 


59-580 


9-555 


2245 


4 


10491 


59'503 


9-543 


227-2 


5 


1-0504 


59*431 


9-531 


229-8 


6 


1-0516 


59*361 


9-530 


2323 


7 


1*0528 


59*293 


9-509 


234-7 


8 


1-0540 


59*227 


9498 


237-1 


9 


1-0552 


59-161 


9-487 


239-4 


10 


1-0563 


59097 


9-477 


241-6 


II 


1-0574 


59*035 


9-467 


243-7 


13 


1-0585 


58-858 


9-458 


2478 


14 


I -0606 


9-438 


251-6 


16 


1-0626 


58748 


9-421 


^55'f 


I« 


1-0645 


58643 


9-404 


258-6 


30 


1*0663 


58-541 


9-388 


2665 


25 


1*0707 


55*^°i 


9-350 


273-9 


30 


1-0748 


58-078 


9-3»4 


380-6 


35 


1-0787 


57*869 


9-280 


286-5 


40 


1-0823 


57*680 


9250 


393-1 


45 


1-0856 


57*501 


9-221 


397-5 


50 


1*0890 


57-325 


9-193 


303-5 


55 


I -092 1 


57-162 


9167 


307-2 


60 


1*0951 


57*003 


9-141 


311-6 


65 


1*0980 


56*855 


9117 


315-9 


70 


I -1008 


56*709 


9-094 


319-8 


^5 


1*1034 


56*571 


9-072 


323-8 
328-1 


80 


I'lOOl 


56437 


9-051 


85 


1*1086 


5^'3J3 


9-030 


331-0 


90 


IIIIO 


56*186 


9-010 
8-991 


334-4 


95 


rii34 


56*065 


337-7 


100 


11157 


55*949 
55*837 


8-972 


340-8 


105 


11179' 


8-955 


343-9 


no 


1-1202 


55*727 


8-937 


346-9 
349-8 


"5 


1-1223 


55620 


8-920 


120 


1*1244 


55-515 


8-903 


3525 


135 


1*1265 


55*412 


8-886 


355-4 


130 


1*1286 


55*311 


8-870 


358-0 


135 


1*1306 


55-214 


8-854 


360-7 


140 


1*1326 


55*116 


8-839 



S.B.C. 



98 



STEAM-BOILER CONSTRUCTION. 



Table 34 r^n/mi^^^.— Volumx and Weight of Distilled Water at 

DIFFERENT TeHPERATURES ABOVE 212^ FaHR. 







'RelatiTeVoimne 






Tnanimtanor 
Water in 


PicMun of 
StMin above 


connued with 
the Volaine at 


Weight of One 
Cubic Foot in 


WdglitorOiie 
(^lonin 


DagnoFahr. 




pounds. 


pounds. 




in poands per 


01 M^^iwif 










Density. 






o 
363-2 


US 


i*i345 


55*023 


8-824 


36|7 


150 


1-1364 


54*931 


8-809 


3681 


'|5 


1-1383 


54*841 


8-781 


370-5 


160 


1*1401 


54*752 


372-8 


165 


1-1419 


54-668 


8-761 


375*0 


170 


1-1436 


54*584 


8*753 


377-3 


'^5 


I-I454 


54*503 


8-740 


3793 


180 


I-1471 


54-422 


8*727 


381-4 


185 


1-1487 


54*342 


8715 


383-5 


190 


1-1504 


54262 


8-702 


3857 


195 


1*1522 


54*182 


!1^f 


387-7 


300 


1-1538 


54-102 


8-676 


389-7 


305 


1*1555 


54-026 


8-664 


391-7 


3IO 


1-1571 


53*941 
53*876 


8-652 


393-5 


215 


I-1586 


8-640 


395-5 


220 


I-1602 


53*803 


8-628 


397*3 


225 


i-i6i8 


53-733 


8-617 


399*1 


230 


11633 
1-1648 


53664 


8-606 


400-9 


235 


53*596 


8*595 
8-584 


402-0 


240 


1-1662 


53529 


404-2 


245 


1-1676 


53*462 


5'574 


406-0 


250 


11691 


53*396 


8*563 



Convection is the power possessed by fluids of conveying heat acquired 
at one place to another place. Convection is caused by currents both in 
air and water. Smoke ascends the chimney, and ventilation is caused by 
the same principle. Gaseous bodies, from the great mobility of their 
particles, are the most rapid conveyers, although they are the slowest con- 
ductors of heat. Any body hotter than the air heats it and sets it in motion 
in an upward current, which may be seen rising from highly heated bodies, 
and the particles which rise are immediately replaced by the influx of 
other particles from every side. The slightest difference in temperature is 
sufficient to produce these effects, hence the rapidity with which air reduces 
solid bodies to its own temperature. 

A body colder than the air, such as a lump of ice, produces an opposite 
action ; it cools the air in contact with it, which, becoming denser, descends 
in a continual stream, supplied by an influx of air from all sides to the ice, 
until the whole is melted. 

The propagation of heat in a gaseous mass is effected by means of the 
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ascending and descending currents formed in it, precisely as in the case of 
liquids. 

Heat is distributed by convection dirough the water in a boiler. The 
heat imparted to the outside of the plate from the furnace is conducted 
through the plate> and the water in contact with it absorbs heat, expands, 
and rises from it, and colder water immediately descends and occupies its 
place. Water has great heat-absorbing capacity and will absorb the most 
intense heat, without the furnace-plates becoming overheated, when it is in 
contact with, and freely circulates over clean metal, forming the water- 
heating surfaces. Heat can only be distributed in liquids by convection- 
currents, which convey the heat from its source to a point at a higher 
level. 

Stagnant water is incapable of distributing heat. Water, being a bad 
conductor of heat, can only be warmed very slowly by conduction. Owing 
to the low conducting power of water, the application of heat to its 
upper surface is of no effect in heating the mass of water beneath. To 
effect the efficient distribution of heat in water, it is necessary to have free 
circulation. 

When heat is applied to the surface of water it is not diffused by convec- 
tion, but creeps very slowly downwards by conduction. An inflanmiable 
liquid floating on water may be burnt without raising the temperature of the 
water one degree, whilst developing sufficient heat to evaporate the whole 
mass if applied underneath. 

Water placed underneath a hot tube, on being heated and becoming 
lighter cannot ascend, but clings to the surface above it, and diffuses little 
or no heat downwards. For instance, in Cornish and Lancashire-boilers 
the water underneath the furnace-tubes is frequently comparatively cold 
some time after the steam has been raised. It will be seen from this that 
the lower halves of horizontal flue-tubes are incapable of transmitting much 
heat to water, and that the under portions of the internal flue-tubes of 
boilers are almost of no value for raising steam. 

Ciroiilation of Watar in a Steam-Boiler, is the natural flow of 
water, caused by difference of density of the water, due partly to difference 
of temperature, but principally to the action of steam-bubbles which lighten 
the water. The upward self-rising current of steam-bubbles from the heat- 
ing surfaces is accompanied by a downward current of water to supply its 
place, which causes the particles of water to continually change their posi- 
tion, and flow or circulate over the water-heating surfaces. Hence, the 
action of circulation is due to gravity. 

Heat can only be effectively abstracted by liquids from heated surfaces 
by circulation of the liquid, and rapid circulation is essential to rapid ab- 
straction of heat. When circulation is perfect, the steam-bubbles are 
detached from the heating surfaces as fast as they are formed, and the 
maximum economical effect is obtained from the fuel. 

Circulation is a more important factor in the distribution of heat, than 

H 2 
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either the nature or thickness of the metal through ivhich the heat is 
transmitted. The quantity of heat which can be transmitted to water in a 
given time, is only limited by the rate at which it can be carried away from 
the heating surfaces by the convection-currents. 

The rate of circulation depends upon the rapidity of the liberation of 
the steam-bubbles from the heating-surfaces, and the rate of the 
convection-currents. Circulation is assisted by agitation of the liquid, by 
stirring, or shaking, which probably partly accounts for the high 
evaporative efficiency of many locomotive boilers. 

As the efficiency of a steam-boiler depends greatly upon the efficiency of 
its circulation, the heating-surfaces should be arranged to facilitate the 
movement of the convection-currents, and promote free circulation. This is 
effected in the best manner when the heat is applied underneath the water 
to be heated, and when the shape and position of the heating-surfaces 
facilitate the free escape of the heated water in its upward current, and the 
return of the cooler water in its downward current. 

Free circulation is essential to economy and safety in a steam-boiler. 
When circulation is impeded overheating may take place. It is essential to 
secure unimpeded circulation at the furnace-crowns of steam-boilers, by 
providing ample space for the steam to rise without obstruction to the 
steam-space. When tubes are arranged over a furnace-crown, ample 
space between the tubes should be provided for the escape of the rising 
steam. 

The efficiency of the circulation of tubular boilers depends greatly upon 
the tubes being properly arranged to allow free escape of the steam from, 
and access of water to, their surfaces. 

Defective Circulation. — When steam is generated in confined spaces 
from which it cannot rise freely, it is liable to drive the water before it, and 
leave the heating-surfaces dry, resulting in priming and deteriorated or 
burnt metal-surfaces. Steam has a natural tendency to cling to heating- 
surfaces, and when water-spaces are so cramped that the ascending and 
descending currents cannot flow separately, circulation cannot take place, 
and the water is put into a state of perturbation. Therefore as the 
steam cannot rise through the superincumbent water as fast as it is 
generated, it accumulates on the heating-surfaces, forming a film be- 
tween the heated plate and the water, and causes inflation of the water, 
which rises to a greater height in the boiler, than that due to the natural 
position of the water and steam. In such cases the quantity of water 
indicated by the water-gauge is greater than the actual quantity in the 
boiler. 

Defective circulation may cause a portion of the heating-surface to 
become so highly heated as to repel the water, and become covere 1 with a 
layer of spheroidal fluid, on which the mass of water will float without 
contact with the metal. 

Thib Spheroidal Condition of Water, is that state observed when 
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water is applied to a highly heated metal-plate. The water is repelled by 
the radiant heat and does not wet the plate, but rolls on its surface in liquid 
drops or flattened globules, buoyed up by, or resting on cushions of, their 
own vapour. The tendency of the water to become spheroidal is promoted 
by the presence of a coating of greasy or other deposit on the heating 
soifaceSy which prevents contact of the water with the hot plates, and the water, 
covering the hot surfaces without wetting them, is maintained in a sphe- 
roidal state. 

When a plate is overheated, a spheroidal layer of water, several inches 
thick, may be repelled and constantly supported. The temperature of the 
spheroidal layer is always lower than its boiling-point. It may be assumed 
that the temperature of a furnace-plate from which water has been repelled, 
will, within one minute's time become at least iioo° Fahr. and the strength 
of the plate will have become seriously impaired. 

▼aporisatioii is the process by which a liquid passes into the gaseous 
state ; or is converted into an elastic vapour capable of being compressed 
into less space by external pressure, and resisting the force which com- 
pressed it. Vaporisation commences the moment heat is applied to a 
liquid: the escape of the vapour is termed evaporation. The term 
vapour is generally applied to evaporation without the application of heat. 
Vapour produced by the direct application of heat to water is termed 
steam. 

latent Beat of Taporisatioii is the number of units of heat absorbed by 
one pound of a liquid in passing to vapour. The heat thus absorbed is not 
sensible to the thermometer. It may be restored by condensing the vapour, 
or changing it to a liquid. 

BlmlUtioiL is the formation in a liquid of bubbles of vapour, whose 
internal pressure is equal to the external pressure upon them. Hence, a 
liquid is in ebullition when it gives off vapour of the same tension as the 
atmosphere above it. When heat is applied to water, it is absorbed until 
the water reaches the temperature of ebullition, or the temperature whose 
corresponding maximum pressure is equal to the pressure on the surface of 
the liquid, when steam will rise from the water, and the temperature will 
remain stationary until the whole of the water is evaporated. 

The Boiling-point of a Liquid is the temperature at which ebullition 
and evaporation commences. It is always the same for the same liquid 
under the same circiunstances. The pressure exerted on the surface of a 
liquid being opposed to the generation and disengagement of the globules 
of vapour in proportion to its intensity, it follows that there are as many 
different boiling-points for the same liquid as there may be different 
pressures on its surface. When the pressure is withdrawn from the surface 
of a liquid by means of an air-pump, water boils at 70° Fahr., and produces 
steam of a pressure of about "33 lb. per square inch. The boiling-point 
of water varies with the pressure of the atmosphere approximately as 
follows: — 
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Buomctor 
IiiclM««rM«Kiif7. 


Bonins Point 
in Degna Fabr. 


27. 

27* . . 

28. . 


. 206' 9 
. 207-8 
. 2087 


28i . . 


. 209.5 


29. 


210-4 



Barometer 
Inches of Mercnry. 

29i . 

30. 

3oi . 
3oi 
31 • 



BoUing Point 
in Degrees Fahr. 
o 
211*2 
212*0 
212*4 
212*8 
213*6 



Pure water, at the level of the sea, under the pressure of the atmosphere, 
which is 14*7 lbs. per square inch, boils at 212° Fahr. The higher the 
elevation above that level, the more is the atmospheric pressure diminished 
and the boiling point reduced. Hence, ebullition is facilitated on high 
mountains, and retarded at low levels, or at the bottom of deep mines. 
The boiling points of a number of liquids, in open vessels, under ordinary 
atmospheric pressure are given in the following Table : — 

Table 35. — Boiling Points of Liquids under the Pressure 
OF One Atmosphere. 



Uqoid. 


Temperature 
Fahrenheit. 


Liquid. 


Fahrenheit. 


Sulphuric ether . 



100 


Sulphuric acid, 1*3 s. g. 



240 


Sulphuret of carbon . 


118 


1 Naphtha . . . 


307 


Ammonia . 


139 


1 Oil of tuqjentine 


317 


Chloroform . . . 


140 


j Mineral oil . . . 


436 


Wood spirit 


150 


; Phosphorus 


555 


Alcohol . . 


173 


Olive oil . . . 


564 


Benzine . 


177 


Sulphur 


570 


Pure water . . . 


212 


Linseed oil . . . 


596 


Sea-water, ordinary . 


213-2 


Grease, dense . 


1 620 


Nitric acid . . . 


221 


Sulphuric acid, 1-85 s.g. 


621 


Muriatic acid . 


223 


Mercury . 


662 



Boiling Points of Saturated Solntions of Salt. — Foreign substances 
in suspension in water, as lime, mud, or sand, not chemically combined with 
it, do not influence the position of the boiling point. But it is sensibly 
affected by substances in combination, or in solution. Substances more 
volatile than water such as ether and alcohol, when combined with water, 
lower the boiling point. Salts, on the contrary, raise the boiling point. The 
boiling points of water saturated with a number of salts which combine 
chemically with water, according to the experiments of Legrand, are given 
in Table 36. 

The vapour produced at the surface of saline solutions is that of pure 
water, that is, the steam of salt water contains no salt. The temperature of 
the steam formed under the pressure of one atmosphere, is invariably 212^ 
Fahr., although the temperature of the solution may be much higher. For 
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instance the temperature of ebullition of a saturated solution of common 
salt is^ from the following Table, 227-2° Fahr., but the temperature of steam 
produced from its surface is only 212° Fahr. 

Table 36. — Boiling Points of Saturated Solutions of Various Salts 
under the pressure of one atmosphere. 



Sttnnted Soladon. 


BoOing 
Point. 
Fahr. 


Weiffht of 

Salt in ICO 

IbLof 

water. 


Saturated Solution. 


Boiling 
Point. 
Fahr. 


Wdffht of 

Saltmioo 

lbs. of 

water. 


Chlorate of potash - 
Carbonate of soda 
! niosphate of soda 
Chloride of potassium 
Common salt . 
Hydro - chlorate of 

ammonia . . . 
Neutral tartrate of 

potash . 



219*6 
2203 
221*9 
227*0 
22Y2 

237-6 

238-4 


lbs. 

6i*5 
48*5 
"3*3 
59*4 
41*2 

88*9 

2g6'2 


Nitrate of potash . , 
Chloride of stronium 
Nitrate of soda . 
Acetate of soda . . 
Carbonate of potash . 
Nitrate of lime . 
Acetate of potash . . 
Chloride of calcium . 
Nitrate of ammonia . 



240*6 
244-2 
249-8 

255-9 
275-0 
3039 
336-2 

355-1 
356*0 


Iba. 

335-1 

II7-5 
224-8 

209*0 
205*0 
362*2 
798*2 
325-0 

unlitd. 



Svaporation of Water to Steam. — When water is heated to the boil- 
ing point, the temperature remains stationary, and all subsequent additions 
of heat become latent and are carried o£E in the form of steam. If a given 
weight of water be evaporated to steam in a perfectly steam-tight 
vessel, the weight of steam produced will be exactly the same as that of 
the water from which it was produced, that is, one pound of water will 
generate exactly one pound of steam. 

One pound of water at a temperature of 212® Fahr. in passing to steam of 
the same temperature absorbs as much heat as would have raised the tem- 
perature of the water 966° Fahr., if it had not become latent. Therefore, a 
unit of evaporation is the evaporation of one pound of water at 212° Fahr. 
to steam of the same temperature, and it is equal to 966 thermal units. 
The heat required to raise one pound of water from 0° to 212*^ Fahr., 
and evaporate it to steam of the same temperature is = 966^ -{- 212^ = 
1 1 78 units. 

The quantity of heat required to evaporate a given quantity of water in a 
steam-boiler depends upon the temperature of the feed-water. If the 
temperature at which water is supplied to the boiler be represented by /, 
then, the total heat, H, required to evaporate i lb. of water to steam is : — 

H= 1178 - /. 

The quantity of heat required to generate steam increases slightly with 
the pressure, but the increment is so small that, for practical purposes, t is 
sufficiently accurate to assume that, the total heat required to generate 
steam is the same for all pressures. Hence, the cost of fuel for the gene- 
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ration of steam is practically the same for high-pressure steam as for low- 
pressure steam. 

The rate of evaporation varies with the rate of combustion of the fuel. 

Total SMt of Meui.— The total heat of steam increases with the 
temperature at the rate of "305 of a thermal imit for each degree of 
temperature above 212"* Fahr. The total heat of i lb. of steam at 
212® Fahr. is 1146-6, and the total heat of steam at any given,.temperature, 
T, may be found by this rule : — 

Total heat of steam at temperature T = 

1146-6 + [-305 X (T— 2x2°)]. 

For instance, the temperature of steam of a pressure of 100 lbs. per 
square is = 337-7° Fahr., and the total heat of steam of that pressure is 
=3377 — 212 = 125-7 X -305 = 38-3 -h 1146*6 = 1 184-9 *"^*^ P^' pound 
of steam. 

Xoat Sspondod in tlia Oonoration of Btoaan.— In evaporating one 
poimdof pure water from a temperature of 32® Fahr. to steam of 212® Fahr., 
or of atmospheric pressure, the water is heated through a range of 180°, 
and the volume is slightly increased, some heat, or about one half a unit, 
being absorbed in producing the expansion. The further application of 
heat expands the water into steam and the heat is expended in two ways, 
viz. — First, in overcoming the mutual attraction of the molecules of the 
water for each other, called the internal latent heat, and amounting to 
893*8 thermal units per pound. Secondly, in overcoming the force which 
the surrounding medium opposes to the expansion of water into steam, 
called the external latent heat, and amounting to 72*2 thermal units. The 
sum of these two quantities = 8938 -f- 72*2 is = 966 thermal units, the 
total heat of evaporation. 

If the water had been evaporated at a greater pressure than that of the 
atmosphere, the water would be more highly expanded than at atmospheric 
pressure, and the work of separating the molecules of the water would 
be less and the internal latent heat would be diminished, while the pressure 
of evaporation being greater, the work of overcoming this pressure, and 
consequently the external latent heat, would be increased. 

Tho Froportioa of Satnratod Steam, or the pressures, volumes and 
quantities of heat, corresponding to different temperatures, are given in 
Table 37 by Mr. R. H. Buel, in which the pressure of the steam is given 
in lbs. per square inch above the atmosphere, or as shown by the steam- 
gauge, which is the most convenient way for boiler-practice. 

S^nivalont Svaporation. — ^As feed-water is supplied at various tem- 
peratures to steam-boilers, the results of the evaporative tests of boilers are 
usually reduced to a standard evaporation of from and at 212° Fahr. The 
total heat of steam is usually reckoned from 32^ Fahr. If the total heat per 
pound of steam from 32** Fahr. be represented by H, and the weight of water 
actually evaporated per pound of fuel by W, then the factor of evaporation, 
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Tabi^ 37. — ^Properties of Saturated Steam for Pressures in Pounds 
PER Square Inch above the Atmosphere, or for Boiler- 
Pressures AS SHOWN BT THE StEAM-GaUGE. 



above the 



i 

I 



•si 



•8-S 



l-^ 



Heat of Evaporation per pound of Steam. 



Brituth Thermal Units. 



In Steam. — Latent 
Heat or Evapora- 
tion. 



ToUd heat of 

Evaporation above 

33 Fahrenheit. 






c-oo 


212-0 


180-5 


8939 


72-2 


9661 


1 146-6 


I 


2104 


215-4 
218-6 


183-9 


891-3 


72-4 


9637 


1 147-6 


2 


4-08 


187 -2 


888-8 


72-6 


961-4 


1148-6 


3 


6-II 


221-6 


190-3 


886-4 


72-8 


959*2 


1 149-5 


4 


815 


2245 


193*2 


!!**' 


73*1 


957-2 


1150-4 


5 


10*19 


227-2 


195-9 


882-0 


733 


955-3 


1151*2 


6 


12-23 
14-26 


229-8 


198-5 


879*9 


73-6 


953*5 


1152-0 


7 


232-3 


201-1 


877-9 


73*8 


9517 


11528 


8 


16-30 


2347 


2035 


876*0 


740 


950-0 


1153-5 


9 


18-34 


2371 


2058 


8741 


74*3 


948-4 


1154-2 


10 


20-38 


239*4 


208-I 


872-3 


74*5 


9468 


1154-9 


II 


22-41 


241*6 


210-3 


522*^ 


74-7 


945*3 


1155-6 


12 


24-45 


243-7 
245-8 


212-5 


868-9 


74*9 


943-8 


1156*3 


13 


26-49 


214-5 


867-3 


75*1 


9424 


1 156-9 


14 


2853 


247-8 


216-5 


865-7 


75*3 


941-0 


1157-5 


«S 


30-56 


249-8 


218-5 


864-2 


75 "4 


939*6 


11581 


16 


3260 


251-6 


220*5 


862-7 


75*5 


9382 


11587 


'7 


^'h 


2534 


222-4 


861-2 


75*7 


937 9 


1159*3 


18 


36-68 


255-2 


224-2 


859-8 


75-8 


935*6 


1159-8 


19 


3S-71 


2570 


226-0 


858-4 


75*9 


934*3 


1 160-3 


20 


4075 


258-6 


227*7 


857*1 


760 


933-1 


1 160-8 


21 


42*79 


260-3 


2294 


8558 


76-2 


9320 


1 161 '4 


1 22 


4483 


261-9 


231*1 


854-5 


76-3 


9308 


1 161 '9 


' 23 


46-87 


2635 


232-8 


853-2 


76-4 


9296 


1162-4 


i ^ 


48-90 


26510 


234-4 


851-9 


76-5 


928-4 


1162-8 


?l 


50-94 


266-5 


2359 


850-8 


766 


927-4 


1163-8 


26 


5268 


268 -o 


2375 


849-6 


767 


926-3 


^l 


55-02 


269-5 


2389 


848-5 


76-8 


925-3 


1 164-2 


28 


57-05 


271-0 


240*3 
241-8 


f^r^ 


77*0 


924-3 


1 164 -6 


29 


5909 


2725 


8462 


77-1 


9233 


11651 


30 


61*13 


2739 


2432 


845-1 


77-2 


9223 


1165*5 


3» 


63-17 


275-3 


244-6 


844*1 


77*2 


921-3 


1165-9 


32 


65-20 


276-6 


2459 


8430 


77 3 


9203 


1166-2 


33 


6724 


277-9 


247*2 


842-0 


77*4 


919-4 


1 166-6 


34 


6928 


279-3 


248-5 

249-8 


841-0 


77*5 


918-5 


1 1670 


u 


71-32 


280*6 


8400 


77*6 


917*6 


11674 


73-35 


281-8 


251-1 


839-0 


777 


916-7 


1 167 8 


u 


75 39 


283*0 


252-3 


838-1 


77*8 


915-9 


1168-2 


77 43 


284-2 


253*6 


837*1 


77-9 


914*0 


1168-6 


39 


79-47 


285*4 


2548 


8362 


78-0 914*2 


1 169-0 



ss 









I -187 
1188 
1*189 
1*190 
1*191 
1*192 
1-193 
1-194 
1194 
1-195 

1*195 
1-196 
1-196 

1-197 
1-197 
I -198 
1-198 
1-199 

1'200 
I -200 

1-201 
1-201 
1-202 
1*202 
1-203 
1-203 
1*204 
1-204 
1*205 
1*205 

1-206 
1-206 
1-206 
1-207 
1-207 
I -208 
1-208 
1-209 
1-209 
1*209 



■4 

SI 



"8. 
•I 

9 
> 



ill 

m 



•03793 


2637 


-04035 


2478 


•04276 


2339 


•04516 


22*14 


•04756 


21*03 


-04995 


20^02 


-05233 


19-11 


•05470 


1829 


•05706 


1683 


•05942 


•06177 


i6^i9 


•0641 1 


15^60 


-06645 
•06878 


1505 


14*54 


•071 11 


14^06 


*o7344 


13*62 


*o7577 
•07809 


13-20 

12-8l 


-08041 


12-44 


•08272 


12-09 


•08503 


11-76 


•08734 


11*45 


•08965 


ii*x6 


•09195 


10*88 


•09424 


10 61 


•09653 


10-36 


•09882 


1012 


•lOIIO 


9-891 


*io337 


9-674 
9466 


-10564 


•10790 


9-268 


•11016 


9-078 


*XI242 


8*895 


•I 1468 


8*720 


-11694 


t^ 


*i 1920 


-12146 
•12371 


t^l 


•12596 
-12821 


l-^ 



1646 

1547 

1460 

1382 
1313 

1250 

1193 

II4I 

1094 

1051 

101 1 

9737 
939-4 
907-6 

877-9 
850*0 
823-9 
7994 
7763 
7547 

734^2 
7147 
6963 
678-9 
662-4 
646-7 

6317 
617-5 
6036 
590-9 

576-6 
566-7 
555 3 
544^3 
533-8 
5237 
514*0 
5046 

486-9 



io6 
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Table 37 continued. — Pkoperties of Saturated Steam for Pressures 
IN Pounds per Square Inch above the Atmosphere, or for 
Boiler-Pressures as shown by the Steam-Gauge. 



Pressure 

above the 

Atmosphere. 



Heat of Evaporation per poand of Steam. 



British Thermal Units. 



I 



In Steam, — Latent 
Heau of Evapora- 
tion. 



I 



Total heat of 

Evaporation above 

33 Fahrenheit. 



^ a 



11 



i 

I. 
~l 

t 



.^1 



l-ll 

•ill 



40 


81-50 


286-s 


256-0 


835-2 


78-1 


913-3 


1169-3 


41 


83-54 


2877 


257-2 


834 -3 ' 78-2 


912-5 


11697 


42 


85-58 


288-8 


258-4 


833-4 


78-2 


911-6 


ii70X> 


43 


8762 


289-9 


259-6 


832-5 


78-2 


910-7 


1170-3 


44 


8965 


291-0 


2608 


831-6 


782 


909-8 


1170-6 


4§ 


91-69 


292-1 


261-9 


830-7 


78-3 


909-0 


1170-9 


46 


93-73 


293-2 


263-0 


8299 


78-4 


908-3 


11713 


47 


9577 


2942 


264-1 


8291 


78-4 


907-5 


1171-6 


48 


9780 


2953 


266-2 


828*3 


78-5 


906-8 


1172-0 


49 


99-74 


296-4 


827-5 


78-6 


906-1 


1172-3 


50 


IOI-88 


2975 


2673 


826*7 


787 


905-4 


11727 


SI 


103-92 


2986 


268-4 


825*9 


78-8 


9047 


11731 


52 


105-96 


2996 


269-4 


825*1 


78-9 


9040 


1173-4 


53 


107-99 


3006 


270-5 


824-3 


78-9 


9032 


11737 


54 


100-03 


301 5 


2715 


822-8 


790 


902*5, 
901-8 


1174-0 


55 


11207 


302-5 


272-5 


79-0 


1174-3 


56 


114*11 


303-4 


273*5 


822 X* 


79-1 


901 I 


1 174-6 


57 


116-14 


3043 


274-4 


821-3 


79-2 


^■l 


1174-9 


58 


118-18 


305-3 


275-4 


820-6 


79-2 


1175-2 


59 


120-22 


3063 


276-4 


819-9 


79-2 


899-1 


1175-5 


60 


122-26 


307-2 


277-4 


819-1 
818-4 


79*3 


898-4 


1175*8 
1176-1 


61 


124-29 


308-1 


278-3 


79 4 


897-8 


62 


12633 


3090 


2792 


817-7 


79-5 


897-2 


1176-4 


63 


12837 


309-9 


280-1 


817-0 


79-6 


896-6 


1 176-7 


64 


130-41 


310-7 


281 X) 


816-3 


79-6 


895-9 


1176*9 


65 


132-44 


3" -6 


281-9 


815-6 


79-7 


895-3 


1177*2 


66 


134-48 


3«2-5 


282-8 


8150 


797 


894-7 


ii77'5 
1177-8 


67 


136-52 


313-4 


283-7 


814-3 


79-8 


8941 


68 


138-56 


3U'2 


2846 


813-6 


79-8 


gri 


1178-0 


69 


140-59 


3150 


285-4 


812-9 


79-9 


1178-2 


70 


142-63 


315-9 


286-2 


812-3 


800 


892-3 


11785 


71 


144-67 


3167 


287-0 


811-7 


80-0 


891-7 


11787 


72 


146-71 


317-5 


287-8 


811-1 


8o-i 


891-2 


1179-0 


73 


14874 


318-3 


288-6 


810-5 


80-1 


890-6 


1179*2 


74 


150-78 


319-1 


289-4 


809-9 


8o-2 


890-1 


1 179-5 


75 


152-82 


3198 


290-2 


809-2 


80-3 


889*5 


11797 


76 


154-86 


320-6 


291*0 


808-6 


80-3 


888*9 


1179-9 


77 


156-89 


321-4 


291-8 


8080 


804 


888-4 


1180-2 


78 


158-93 


322-2 


292-6 


807-4 


80-4 


887-8 


1180-4 


79 


16097 


3230 


293-3 


806-8 


805 


887-3 


ii8o-6 



I -2 10 

1-2X0 
I '211 
I-2II 
I -21 1 
1-212 
I -212 
X-2X2 
I '213 
I -213 

I -214 
I -214 
1*2x4 
1*2x5 
1-215 
1-2x5 
X-2X6 
1*2X6 
1*2X6 
1*2x7 

1-2x7 
X-2X7 
I -217 
X-218 
I '2X8 
I -2X8 

1-2x9 

X-2X9 

1-2x9 
1*219 

1-220 
x-220 

I'220 
I -220 
1-220 
1*221 
1*221 
1*221 
1*221 
X-22I 



•X3046 


7-665 


•13270 


7-535 


-13494 


7409 


•13718 


7-287 


•13942 


7*169 


■A 


7*056 


6946 


-14611 


6-841 


-14834 


6-741 


-15057 


6-641 


-15280 


6-545 


•15509 


6-451 


•15724 


6360 


•15946 


6-27X 


■16x67 


6x85 


-X6388 


6-X02 


•16609 


6-021 


•16830 


5-942 


•17051 


5-875 


•17272 


S790 


•17493 


5717 


-17713 


5-646 


•17933 


5-577 


-18x53 


5509 


•18373 


5-443 
5-378 


•18593 


•188x3 


5-315 


•19033 


5254 


•19253 


5-194 


•19473 


5135 


-19692 


5*078 


'X99II 


5-022 


•20x30 


4-968 


•20348 


4-91S 


-20566 


4863 


■20784 


4-811 


'2I002 


4-761 


'21220 


4712 


•21438 


4-664 


•21656 


4-617 



478-5 
470-4 
462-6 

455-1 
447-8 
440-7 

433*9 
427-3 
420-9 
414-6 

408-5 
402-7 
397-0 
391-5 
386-1 
380-9 
375*9 
370-9 
366-1 

361-4 

356-9 
352-4 
348-1 
343-9 
339-8 
3357 
331-8 
328 x> 
324-2 
320-6 

317^ 
313-5 
3101 
3068 

303-5 
3003 
2972 
294-2 
291*2 
288-3 
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Tablb yj continued. — ^Properties of Saturated Steam for PRESStmES 
IN Pounds per Square Inch above the Atmosphere, or for 
Boiler-Pressures as shown bt the Steam-Gauge. 



above the 
Atmosphere. 



t8 







Heat of Evaporation per pound of Steam. 



British Thermal Units. 



In Steam. — Latent 
Heat ot Evapora- 
tion. 



80 


163-01 


323-8 


294-1 


81 


;§:^ 


324-5 


294*8 


82 


325-2 


295-5 


»3 


169-12 


3259 


296-2 


^ 


171-16 


3267 


2970 


85 


17320 


327-4 
328-1 


297-7 


86 


175*23 


2985 


87 


17727 ; 3288 


299-2 


88 


179-31 i 3295 


2996 


89 


181 -35 


330-3 


300*7 


90 


18338 


331-0 


301-4 


91 


18542 


3317 


302-1 


92 


187-46 


3324 


302-8 


93 


18950 


3330 


303-5 


94 


191-53 


3337 


3042 


95 


193-57 


3344 


3049 


96 


195-61 


3350 


305-6 


% 


197-65 
199-68 


3357 


306-3 


98 


336-4 


3070 


99 


201-72 


337-1 


307-7 


100 


20376 


337-7 


308-3 


lOI 


20580 


338-4 


309*0 


102 


207-83 


339-0 


309*6 


103 


209-87 


339-6 


310*3 


104 


211 -91 


3402 


310*9 


105 


21395 


3408 


3II-6 


106 


215-99 
218*02 


341-4 


312-2 


107 


3420 


312-9 


108 


220 '06 


342-6 


313-6 


109 


221 -lo 


343-3 


3142 


no 


224-14 


3439 


3»4-9 


III 


226-17 


3445 


3«5-5 


112 


228-21 


345-1 


3161 


"3 


23025 


345-7 


316-7 


114 


23229 


346-3 


317-3 


"5 


23432 


3469 


318*9 


116 


236-36 


347*5 


318*6 


117 


23840 


^\\ 


319-2 


118 


24044 


1348*6 


319-8 


119 


242-47 3492 


320*4 



I 



■8o-6 
80-6 
8o*7 



8062 j 805 
805-6- - 
805-1 

8045 --, 
80410 80-7 

8034 ^ " 

802-8 

802-2 

801-7 

8011 



800-5 
800-0 
799-5 
7989 
7984 
797*9 

796*8 
7963 

795-8 

795-3 
794-8 
794-3 
793-8 

793-3 
7928 
792*4 
791-9 
791-4 
790-9 

790-4 
790-0 

789-5 
7890 
788-6 
788-1 
787-6 
787-2 
786-7 
786-2 



80*8 
8o*9 
8o'9 
80*9 
80-9 



•a 



886-7 
886-2 

8857 
8852 
884-7 
884-2 
883*6 
883*1 
8826 
882*0 

881-5 
881 x> 
880-5 
8800 

879-5 
879-0 
878*5 
878*0 

877-5 
877-0 

876*5 
876*1 

875*7 
875-2 
8748 

874-3 
8739 
8734 
8729 
872-5 

872-0 
871-6 
871-2 
870*7 
870-3 
8698 

869*4 
869*0 
868-5 
8681 



Total heat of 

Evaporation above 

32 Fahrenheit. 



8o*8 

81*0 
81-2 
81 '4 
81-7 
81*9 
82*1 
82-3 

82-7 

82-9 
83*1 

83-5 
!3-7 
839 
84*1 

84-3 
84*5 
847 

84-9 

55'3 

85*7 
85-9 
861 
86*3 
86*5 
86*7 

86-9 
87*1 
87-3 
87-4 
876 
878 
880 
88-2 

88-3 
88-5 




1*222 


•21874 


4-572 


2854 


1*222 


-22092 


4527 


2826 


1-222 


•22309 


4483 


279*8 


1*222 


•22526 


4*439 


277-1 


1*222 


•22743 


4397 


274*5 


1*223 


-22960 


4-355 


271*9 


1-223 


•23177 


4-315 


269*3 
266-8 


1-223 -23394 


4-275 


1-223 1 -23611 


4235 


2644 


1-224 


-23828 


4-197 


262-0 


1-224 


•24045 


4-159 


259-6 


I -224 ; 24262 


4-122 


257-3 


1-224 1 24479 


4-085 


2550 


1*224 


•24696 


4*049 


252-8 


1*224 


-24913 


4014 


250-6 


1-225 


•25130 


3*979 


2484 


1-225 


-25347 


3^945 


246-3 


1*225 


•25564 


3-912 


244*2 


1*225 


-25781 


3-879 


242-1 


1-225 


•25997 


3-847 


240*1 


1-226 


-26213 
-26428 


3815 


238-2 


1-226 


3^784 


236*2 


1-226 


•26643 
•26858 


3^753 


2343 


1*226 


3723 


232*4 


1227 


-27072 


3*694 


230*6 


1-227 


-27287 


3*665 


228-8 


1*227 


-27502 


3-636 


2270 


1-227 


-27716 


3608 


2252 


1*228 


•27931 


3-580 


223 -g 
221-8 


•28145 


3*553 


1-228 


•28359 


3-526 


220-I 


1*228 


-28573 


3-500 


218-5 


1*228 


-28787 


3*474 


216-9 


1-228 


•29002 


3*448 


2153 


1-229 


-29216 


3*423 
3398 


2137 


1*229 


•29431 


2I2-I 


1*229 


•29645 


3*373 


210*6 


1*229 


•29859 


3*349 


209-1 


1*230 


•30074 


3-325 


207-6 


1-230 


•30288 3^30i 


206*l 



io8 



STEAM-BOILER CONSTRUCTION. 



Table 37 continued. — Properties of Saturated Steam for Pressures 
IN Pounds per Square Inch above the Atmosphere, or for 
Boiler-Pressures as shown by the Steam-Gauge. 



Prcttore 

abo\'e the 

Atmocphere. 




Heat of Evaporation per pound of Steam. 



BritUh Thermal Units. 



In Steam, — Latent 
Heat of Evapora- 
tion. 







20 1 244-51 
21 1 24655 
122 248-59 
23 250-62 
24 1 252*66 
[25 j 25470 
126 25674 

[27 : 25877 
[28 26081 
29 26285 



26489 
266*92 
26896 
271*00 

273*04 
275*08 

277*11 

279'i5 
281-19 
28323 

285*26 
287*30 
289-34 
29138 
293*41 
29545 
29749 
29953 
301*56 
30360 

30564 
30768 

30971 
3" 75 
31379 
315-83 
317*86 
319-90 
31994 
32398 



349*8 
350-3 
3509 
351*4 
351*9 
3525 
353-1 
3537 
3543 
354-8 

355*4 
355*9 
3564 
357-0 

357*5 
358-0 

358-5 
359-x 
359*6 
360*1 

3607 

361 -2 

3617 
362-2 
3627 
3632 
3637 
364*2 
3647 
3652 

3657 
3661 
366*6 
367*1 
367-6 
3681 
3686 
369*1 
369-6 
3701 



32 xo 


7858 


81*9 


8677 


II887 


1*230 


'30503 


321-6 


785*3 


81*9 


867-2 


II88-8 


1*230 


-30717 


322*2 


784*9 


81 -9 


866-8 


11890 


1*230 


•30931 


3227 


784*4 


82*0 


866-4 


II89-I 


1231 


•31145 
•31358 


323-2 


784*0 


82*0 


8660 


I 189-2 


1-231 


3238 


783-6 


82-0 


8656 


II89-4 


1-231 


•31571 


3244 


783*1 


82*1 


8652 


1189-6 


1-231 


31784 


325-0 


7827 


82-1 


864-8 


1 189-8 


1-231 


•31997 


^3^-t 


782*3 


82*1 


864-4 


1190-0 


1-232 


•32210 


781-9 


82*1 


864*0 


1190*1 


1232 


32423 


326*7 


781*4 


82*2 


863-6 


1190*3 


1-232 


•32636 


3272 


781*0 


82*2 


863*2 


1190*4 


1232 


•32849 


3278 


780*6 


82*2 


862*8 


1190*6 


1*233 


•33062 


328*4 


780*1 


82*3 


862*4 


1190*8 


1*233 


TS& 


3289 


7797 


82*3 


862-0 


1 190*9 


1*233 


329*4 


779*3 


824 


8617 


1191*1 


1*233 


•33701 


329*9 


778-9 


82*4 


861-3 


1I9I-2 


1*233 


•33914 


3304 


778-6 


82*4 


861*0 


1 191 4 


1*234 


•34126 


3309 


778-2 


82-4 


860*6 


X1915 


1234 


•34338 


331-5 


777*8 


82*4 


86o*2 


11917 


1*234 


•34550 


332-0 


777*4 


!^'5 


859-9 


1 191 9 


1*234 


•34762 


3325 


7770 


82*5 


859*5 


1192*0 


1234 


•34974 


333*1 


7766 


82-5 


859*1 


1192*2 


1*234 


•35186 


333*6 


776*2 


82*5 


8587 


1 192*3 


1*234 


•35398 


334-1 


775*8 


82*6 


!5!'4 


1192*5 


1*234 


•35610 


334-6 


775*4 


827 


858*1 


11927 


1*235 


•35822 


335-2 


775*0 


827 


8577 


1192-9 


1-235 


•36034 


3357 


774*6 


82*7 


857-3 


11930 


1*235 


•36246 


336-2 


774*2 


828 


8570 


1 193*2 


1*235 


•36458 


3367 


773 '9 


82*8 


8567 


1193*4 


1*235 


•36670 


337-2 


773*5 


82*8 


856*3 


1193*5 


1-235 


-36881 


3377 


7731 


82-8 


855*9 


1193*6 


1*235 


37093 


338-2 


7727 


82-8 


855*5 


11937 


1*235 


•37305 


3387 


7723 


82*9 


?55*2 


1193-9 


1*235 


•37517 


339*2 


771*9 


82*9 


854*8 


1194*0 


1*235 


•37729 


339*7 


77.1-6 


82-9 


854*5 


1194-2 


1*235 


•37941 


3402 


771*2 


829 


854*1 


1194*3 


1*236 


•38153 


3407 


7708 


82*9 


8537 


1194-4 


1*236 


•38365 


341*2 


770-4 


830 


853*4 


1194-6 


1*236 


'^^576 


3417 


770*1 


83-0 


8531 


1194-8 


1*236 


38787 



\. 


M| 


*-i 


ill 

IK 


Qh. 


III 


*§ 


> 


111 


3*278 


204^7 


3255 


203-2 


3233 


201-8 


3211 


200*4 




1991 


3-168 


1977 


3 146 


196*4 


3-125 


195*1 


3105 


193*8 


3*084 


192-5 


3064 


191*3 


3044 


'??■? 


3*025 


188*8 


3*005 


187-6 


2-986 


i86*4 


2*967 


185*2 


2-949 


184-1 


2*930 


182*9 


2-91 1 


181 -8 


2893 


1807 


2-877 


1796 


2859 


178*5 


2-842 


177*4 


2-825 
2 -808 


176-4 
175*3 


2792 


174*3 


2-775 


173*2 


2-759 


172*2 


2-743 


171-2 


2727 


170-2 


271X 


169*3 


2*696 


168*3 


2-681 


1673 


2*666 


166*4 


2651 


165*5 


2636 


164-5 


2-621 


163^ 


2-607 


162-7 


2*592 


161*8 


2578 


160*9 
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Table 37 continued. — Properties of Saturated Steam for Pressures 
IN Pounds per Square Inch above the Atmosphere, or for 
Boiler-Pressures as shown by the Steam-Gauge. 



Pkncttore 
above the 
Atmosphere. 1 




Heat of Evaporation per pound of Steam. 


h 






li 


British Thermal Units. 


Total heat of 

Evaporation above 

32* Fahrenheit. 


1 


- 




In Steam, — Latent 
Heat of Evapora- 
tion. 




I1. 


•§1 

e 


\ 




J*4 

r 


11 


8h 


c 


1 


1 


160 


5160a 


370-S 


3422, 


7697 


83-0 


852-7 


r 194-9 


1-236 


-38998 


2-564 


160-1 


i6i 


32805 


37I-0 


342-7; 


769-3 


83-0 


SS2-3 


1195-0 


1*236 


-39209 


2*550 


159-2 


i6z 


330 09 


37 '-4 


343 I 


769-0 


Sj-o 


Ssa^o 


1195-1 


1-237 


■39420 


2*537 


158-4 


163 


3321 3 


371 9 


343 & 


76S7 


83-0 


85 1 7 


1 195-3 


1-237 


-39631 


2-523 


"57 S 


164 


334" 17 


3723 


344^ 


768-3 


83'« 


851*4 


1195 "4 


1-237 


■J9^42 


2-513 


1S67 


165 


336-20 


372-8 


3445' 


7680 


83' 


85t'i 


1195^ 


1*237 


40053 


2*497 


155-0 


166 


333 -24 


373^2 


3450 


767*6 


8ji 


8507 


11957 


1-237 


'40264 


2-484 


155*2 


167 


340 -aS 


3736 


345-5 


767-2 


831 


850-3 


1195-8 


1-23B 


'40475 


2-471 


154-2 


t63 


3421^ 


374' 


346*0 


766-9 


831 


850 


11960 


1-238 


-40686 


2-458 


153-4 


t69 


344"3S 


374S 


346-4 


766'S 


83-2 


S499 


1196'! 


1-238 


*4o897 


2445 


152-6 


170 


34^"39 


375*0 


3469 


7662 


S32 


849-4 


1196-3 


1-23S 


•41108 


2-433 


151-9 


171 


348-43 


375 '4 


3477 
347 '8 


7659 


832 


849*1 


1196-4 


rs^S 


-41319 


2-420 


151-1 


i;2 


350 "47; 


37S"9 


765-6 


83-3 


84S-8 1 


11966 


1-23S 


-41530 


2-408 


1503 


17^ 


352 SO 


37<5"3 


348-2 


765-2 


833 


84S-S 


11967 


1-238 


-41741 


2-396 


149-6 


174 


3S4'54 


3767 


348-6 


764-9 


83-3 


S4S-2 


1196-S 


1-239 


'41952 


2384 


148*8 


1 75 


3S&'5S 


377'2 


349*t 


764-6 


sr3 


847*9 


II97X> 


1-239 


■42163 


2-372 


148-1 


176 


35S62 


377'^ 


349"^ 


7642 


83-3 


847-5 


1197-1 


1-239 


*42373 


2-360 


1473 


177 


360-65 


378^1 


350-1 


763-8 


833 


847*1 


1197-2 


1-239 


'42583 


2-348 


146-6 


178 


362^69 


3785 


350*5 


763^5 


f^'3 


846-8 


M97'3 


1-239 


■42793 


2-337 


145-9 


179 


3^'73 


378-9 


350*9 


763-2 


83-3 


846-5 


1197-4 


1-239 


'43003 


2*326 


I45'2 


180 


36677 


379'3 


35^*4 


7fi2-8 


83-4 


846-2 


1197 '6 


1-239 


'43213 


3-314 


I44'S 


iSi 


36880 


3797 


351 "3 


762 s 


83 '4 


S45-9 


1 1977 


1-240 


■43424 


2J03 


1438 


iSa 


37o'S4 


380*2 


352-3 


762-2; 8^4 


845-6 


1197-9 


1*240 


*43634 


2-2Q2 


143-1 


183 


3728S 


380-6 


352-7 


761-9 


83-4 


845*3 


1198*0 


I 240 


'43^4 


2-2S1 


142-4 


184 


374-92 


38 ro 


3S3'2 


761 '5 


85-4 


844*9 


119S-1 


1-240 


-44054 


2270 


1417 


1S5 


37695 


3814 


3537 


761-2 


83 '4 


S44-6 


1198-3 


1-240 


■44264 


2*259 


141*0 


1S6 


378-99 


381-8 


3541 


760-9 


8.V4 


844-3 


1198-4 


1-240 


-44474 


2'24Q 


140*4 


J87 


3Si'o3 


3S2-2 


3545 


760 -5 


83 'S 


-S44-0 


119S.5 


1*241 


-446S4 


2*2^8 


1397 


1S8 


3^3*07 


3Si7 


3550 


760^2 


l^X 


8437 


119S7 


1-241 : 


'44S94 


2*228 


139-1 


189 


3SS'ii 


3»3-i 


355-4 


759-9 


83 'S 


S43-4 


11988, 


1-241 


-45*04 


2-217 


138*4 


190 


387^14 


3S3'S 


355-8 


759-6 


83 -5 


8431 


119S-9 


1*241 


'45314 


2*207 


137-8 


igi 


3S9'i8 


384*0 


356*3 


759 3 


83-S 


842*8 


11991 


1-241 


-45524 


2-197 


137*1 


IQ2 


391-22 


3844 


3567 


7590 


83-5 


842-S 


1199-2 


1-241 


-45734 


2-187 


136-5 


193 


393-26 


384-8 


357 J 


7587 


8i-S 


842*2 


1195-3 


1-241 


'45944 


2-177 


135 9 


194 


39529 


J«5'3 


3575 


758*3 


83-6 


841*9 


1199-4 


1*241 


-46154 


2-167 


135-3 


19s 


397-33 


3857 


358-0 


7580 


83 -fj 


841-5 


1199-6 


I -241 


-46364 


2-157 


1346 


196 


399 "37 


3S61 


35S4 


7577 


836 


S41-3 


1199-7 


1*242 


*46574 


2 147 


1340 


»97 


40141 


3|SS 


358-8 


7S7'4 


83-6 


841*0 


1199-8 


1-241 


-46783 


3-138 


133*4 


198 


403-44 


386-9 


359-3 


757-1 


8 J -6 


S40-7 


1199*9 


1-242 


-46992 


2-I38 


133 S 


199 


405-48 


387^3 


359'6 


7568 


837 


840-5 


1200-1 


1-242 


-47210 


2- 119 


1323 



no 



STEAM-BOILER CONSTRUCTION. 



Table 37 cantinutd, — Properties of Saturated Steam for Pressures 
IN Pounds per Square Inch above the Atmosphere, or for 
Boiler-Pressures as shown by the Steam-Gauge. 



Pressure 

above the 

Atmosphere. 






Heat of Evaporation per pound of Steam. 



British Thermal Units. 






In Steam, — Latent 
Heat of Evapora- 
tion. 



200 


407-52 


387-7 


360-0 


201 


40956 




360-4 


202 


411-59 


388-5 


3608 


203 


41363 


388-9 


361-2 


204 


415-67 


389-3 


3617 


^ 


4177I 


3897 


362X 


206 


419-74 


390-1 


362-5 


207 


42x78 


390-5 


3629 


208 


42352 


3909 


363-3 


209 


42586 


391-3 


363*7 


210 


42789 


3917 


364-1 


2IX 


42993 


392-1 


364-5 


2X2 


431-97 


3925 
3928 


364*9 


213 


434-OI 


3653 


214 


"^36 04 


393-2 


365*7 


2X5 


43«*o8 


393-5 


366-1 


2X6 


440-X2 


393-9 


366-5 


*'Z 


442-X6 


394*3 


366-9 


218 


444-20 


3947 


367*3 


2X9 


44623 


395-1 


3677 


220 


448-27 


395*5 


368-0 


221 


450-31 


395 9 


368-4 


222 


452-35 
454-38 


396-3 


3688 


223 


3967 


3692 


224 


45642 


397 -o 


369-6 


225 


458*46 


397-3 


369*9 


226 


46050 


3977 


370-3 


227 


462-53 


3980 


370-7 


228 


464*57 


398-4 


371*1 


229 


466-61 


398-8 


371*4 


230 


46865 


399-1 


371-8 


231 


47068 


399-5 
399-8 


372-2 


232 


47271 


372-6 


233 


474*76 


400-2 


373*0 


234 


47680 


400*6 


373*4 


235 


478-83 


400-9 


373*8 


236 


480-87 


401-3 


374-2 


237 


48291 


401-6 


374-5 
374-8 


238 


484-95 
486-9S 


401-9 


239 


4023 


375-2 



■i 



Total heat of 

Evaporation above 

39^ FahrenheiL 



f5^ 



-c 



^6 



"ki 



It 
% 



I 

\^ 

%^ 
-I 

•3 
> 



'it 

m 



7565 
756*2 
755-9 

755*6 
755*3 
754 9 
754-6 
754*3 
754-0 
7537 

753-4 
753*1 
752-8 

752-5 
752-2 

751-9 
751-6 

75«*3 
75x0 

750-7 

750-5 
750-2 
749*9 
749*6 
749*3 
749-x 
7488 

7485 
748-2 
748-0 

7477 
747*4 
747-1 
746-8 
7465 
746-2 
745*9 
745-6 
745-4 
745*1 



837 
837 
837 
837 
837 
83-8 
838 
83-8 
838 
83-8 

839 
83-9 
83*9 
83-9 
83*9 
83-9 
83-9 
84-0 
84.0 
840 

840 
841 
84 I 
84X 
84-x 
84X 
84-1 
84-x 
84-1 
84-1 

84-1 
84-2 
84-2 
84-2 
84-2 
84-2 
84*2 
84-3 

84-3 



840-2 
8399 
839-6 
8393 
8390 
838-7 
8384 
838-1 
837*8 

837*5 

8373 
837-0 
836-7 
836*4 
836-1 
835-8 
8355 
8353 
835-0 
8347 

834-5 
834*3 
834-0 

8337 
833-4 
833*2 
832-9 
8326 

8323 
832-1 

831-8 
831-6 

831-3 
831-0 
830-7 

8304 
8301 

829-9 
829-7 

829-4 



200'2 
200-3 
200*4 
200*5 
200 '7 
200-8 
200-9 
201*0 

201 -X 

201*2 

201*4 
20X*5 

201-6 

20X*7 
201-8 
20X*9 

202*0 
202-2 
202-3 
202-4 

202 '5 
202-7 
202-8 
202-9 
203-0 
203-1 
203*2 
203-3 
203-4 
203-5 

203*6 
203-8 
2034 

204*0 
204*1 
204-2 

204-3 

204-4 
204-5 

204*6 



'242 
*242 
-242 

243 
•243 

*243 

•243 

*243 
-243 

244 

-244 
•244 
244 
•244 
•244 
•245 
-245 
-245 
-245 
•245 

-245 
•245 
245 
•245 
•245 
-245 

-246 
-246 
-246 
-246 

-246 
'246 
-246 
'246 
-246 

-247 
•247 
•247 

'247 

•247 



•47410 

•47620 

•47829 
•48038 
-48247 

•48456 
-48665 

•48874 
49083 
-49292 

•49501 
•49710 
•499x9 
-50128 

•50337 
-50546 
•50755 
50964 
-5II73 
51382 

-51590 
-51799 
•52008 
•522x7 

•52426 
•52635 
•52843 
•53051 
•53259 
•53467 

•53675 
•53884 

•54092 
•54300 
•54508 
•54717 
•54925 
'55133 
•55341 
•55549 



2*X09 
2*XOO 

2*091 
2-082 

1 2*073 
2064 

2-055 
2-046 
2X>37 
2*029 



2 '020 
2X>X2 

2*003 
-995 
-987 
•978 
970 

'962 

•954 
-946 

-938 
-931 
•923 

-908 
•900 

•892 
•885 
-878 
•870 

-863 

*856 

-849 

842 

-821 

'814 

•807 

*8oo 



317 
31 -I 
305 

30-0 
29*4 

28*8 
28*3 

277 

27-2 

26-6 

26-x< 
25*6 

25*X 

245 

24-0 

235 
23*0 

22*5 

22*0 

21*4 
21X3 

20-5 , 

20 -c 

19-6 

19*1 

18*6 

I8-I 

177 
17-2 
16-8 

16-3 
15-9 

'5*4 
i5X> 

14-5 
14*1 
137 

\Z% 

12*8 
12*4 
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Table yj continued, — ^Pkopxrties of Saturated Steam for Pressures 
IN Pounds per Square Inch above the Atmosphere, or for 
Boiler-Pressures as shown by the Steam-Gauge. 



Pkcarare 
above the 
Atmosphere. 




Heat of EYaporation per pound of Steam. 



British Thermal Units. 



In Steam, — Latent 
Heat or EYapora- 



•a 



Total heat of 

Evaporation above 

33° Fahrenheit 



^•1 



•c 






V 



s 

I-" 



Ir 



M 



240 
241 
142 

243 

244 

246 
247 
248 
249 

250 



489 
491 
493 
495 
497 
499 
5or 
S03 
505 
S07 



•02 
•06 
•10 
•13 



402-6 
4029 
403-2 
403*5 



17 i 403*9 



50940 



404-2 
404*6 
405-9 
4053 
4057 

406*0 



3755 
375*9 
3763 
3766 
3770 
377*8 
377*7 
378-1 
378-4 
3788 

379*1 



744*9 
744*6 
744*3 
744*1 
743*8 
743*6 
743*3 
743*0 
7427 
742*4 

742-2 



84-3 
84*4 
84*4 
844 
84-4 
84*4 
84-4 
84*4 
84*5 
84*5 



829*2 
829 x> 
8287 
828*5 
828-2 
828*0 
8277 
8274 
827-2 
826-9 



845 , 8267 : 



12047 


1-247 


•55757 


1*794 


I204*9 


1*247 


•55965 


1*787 


1205*0 


1*247 


•56173 


1*780 


1205-1 


1*247 


•56381 


1774 


1205*2 


1*247 


•56589 


1-767 


1205-3 


1*247 


*56797 


1-761 


12054 


1-247 


*57oo5 


l?S 


1205*5 


1-247 


*572I2 


1205-6 


1-248 


57419 


1*742 


1205.7 


1*248 


*57626 


1735 


1205-8 


1*248 


•57833 


1*729 



112*0 
111*5 
iii*i 
110*7 
110*3 
109-9 

109*5 
109*1 
108-7 
1083 

107*9 



and the equivalent evaporation, or weight of water evaporated as from and 
at 212° Fjdir., may be found by the following formulas : — 

Factor of evaporation = (H + 3^°) - tempegure of feed-water^ 
Equivalent evaporation = W x (H + 3»°) - temperature of feed-water^ 

Example : Steam is generated at 165 pounds per square inch absolute 
pressure, 8 pounds of water are evaporated per pound of coal from feed- 
water supplied to the boiler at 106*^ Fahr. Required the equivalent weight 
of water evaporated as from and at 212^ Fahr. 

Then, the total heat of steam of 165 pounds per square inch absolute 
pressure from 32^ Fahr. is 11 94 units : and 



(1194^ -f 3O - 106° 
966° 



1120 
966 



= 1*159, the factor of evapo- 



ration : and 8 pounds x 1*159 = 9*272 pounds, the equivalent weight of 
water evaporated as from and at 212° Fahr. 

When the equivalent weight of water is to be evaporated as from a less 
temperature than 212° Fahr., it may be found by this formula : — 
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^ (H + 32^) — temperature of feed-wa ter 
1 178— temperature of feed-water 

the notation being the same as that in the previous formulae. 
The EraporatiTe Power of IHfferent Tsrpes of Bteam-Boilers 

varies considerably, although the heat evolved by the combustion of a pound 
of coal is practically the same in all kinds of boilers with equal strength of 
draught. The quantity of water evaporated in pounds per pound of coal 
consumed, from and at 212° Fahr., in different types of boilers averages as 
follows : — 

Plain cylindrical boilers evaporate from 5 to 8 lbs. of water per lb. of coal. 



Vertical boilers 




}» 


5 to 10 , 


Water-tube boilers 




}> 


5 to 1 1 , 


Cornish boilers 




>i 


6 to 1 1 , 


Lancashire boilers 




}f 


6JtOI2 


Marine return-tube boilers 




if 


7 to 12 


Multitubular boilers 




y> 


8 to 12 , 


Galloway boilers 




>> 


9 to 12^ , 


Locomotive boilers 




if 


8 to 13 



The difference in the evaporative economy of the boilers is principally 
due to the difference in the arrangements of the heating-surfaces, some 
favouring rapid absorption of heat and free circulation of water more than 
others. Good stationary boilers with clean heating-surfaces average from 9 
to 10 pounds of water per pound of coal, and good locomotive boilers 10 
pounds of water per pound of coal. It may be affirmed that a good boiler 
of any type with clean heating-surfaces, should evaporate 10 pounds of water 
per pQund of coal. 

The flues and smoke-tubes of steam-boilers, under ordinary working con- 
ditions, are generally coated with soot, which reduces the efficiency of the 
heating-siuiaces so much, that the maximum evaporation in daily work of 
internally fired steam-boilers is frequently only 8 pounds of water per pound 
of coal, and that of externally fired boilers only 5 pounds of water per 
pound of coal. 

The evaporative power of a number of boilers of different types is given 
at pages 353— 357. 

The Evaporative Power of a Square Foot of Fire-grate BxueSMe 
of a Steam-boiler with a well-arranged furnace, depends upon the evapo- 
rative power of the coal, and the strength of the draught. 

The consumption of coal in stationary-engine boilers with natural draught, 
ranges from 1 2 to 24 pounds per square foot of fire-grate surface per hour. 
It is seldom less than 15 pounds, and as each pound of coaJ should 
evaporate at least 8 pounds of water, the evaporative power of a square- 
foot of fire-grate surface is, on this basis, = 15x8= 120 pounds of water 
per hour, = 120 -r- 60 minutes = 2 pounds of water evaporated per minute. 
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In Lancashire boilers burning slack, the rate of consumption with easy 
firing is frequently i8 pounds per square foot of fire-grate surface per hour, 
and 8| pounds of water are frequently evaporated per pound of slack ; the 
evaporative power of a square foot of fire-grate surface is = i8 x 8^ lbs. = 
153 pounds of water per hour, and = 153 -f- 60 = 2*216 lbs. of water 
evaporated per minute. 

The consumption of coal in marine return-tube boilers, with natural 
draught, when burning South Wales coal in ordinary work at full power, is 
frequently 16 lbs. per square foot of fire-grate surface per hour, and if 9 
lbs. of water are evaporated per pound of coal, it is equal to an evaporation 
of 16 X 9 = 144 lbs. of water per square foot of fire-grate surface per hour; 
and =144-7-60 minutes =2*4 lbs. of water evaporated per minute. It 
seldom exceeds 20 pounds per square-foot of fire-grate surface per hour, and 
if 9 pounds of water are evaporated per pound of coal, it is equal to an 
evaporation of 20 x 9 = 180 pounds of water per square-foot of fire-grate 
surface per hour, = 180 -r- 60 minutes = 3 pounds of water evaporated 
per minute. 

With the best arranged boilers with natural draught, 10 pounds of water 
may be evaporated under ordinary working conditions per pound of best 
steam-coal, and more than 1 2 pounds of water have been evaporated under 
conditions favourable to economical evaporation. With a very strong natural 
draught, as much as 26 pounds of coal may be economically burnt per 
square-foot of fire-grate surface per hour, and the evaporation may be = 26 
X 10 = 260 pounds of water per square foot of fire-grate surface per hour, 
= 260 -f- 60 minutes = 4*33 pounds of water per square foot of fire-grate 
surface per minute. 

The maximum quantity of water that can be economically evaporated in 
a steam-boiler with natural draught, is 26 pounds of coal x 12 pounds of 
water = 312 pounds per hour, or 312 -r- 60 minutes =5*2 pounds of water 
per square foot of fire-grate surface per minute. 

The boiler of a locomotive engine has the draught assisted by exhaust- 
steam-blast in the chimney. A passenger-locomotive-boiler having an area 
of fire-grate surface of 17I square feet, and burning 28 pounds of coal per 
mile at a speed of 50 miles per hour, will consume, 

a8 lbs, of coal X 50 miles per hour ^ g^ ^^^^ ^ ^^^, ^^^ 

17*5 square feet of fire-grate 

of fire-grate surface per hour. 

Each pound of coal will evaporate, say, loj lbs. of water per hour, and 
the evaporative power of a square foot of fire-grate surface of a passenger- 
locomotive-boiler, on this basis, is = 80 lbs. of coal x 10*5 lbs. of water = 
840 lbs. of water per square foot of fire-grate surface per hour, and = 
840 lbs. -h 60 minutes =14 lbs. of water per square foot of fire-grate surface 
per minute. 

The rate of evaporation of passenger-locomotive boilers is consequently 

SiBX. I 
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840 lbs. -i- 120 lbs. = 7 times as great as the average rate of evaporation in 
:8tationary boilers, and 840 lbs. -r- 312 lbs. = 27 times as great as the 
maximum economical rate of evaporation obtainable with natmal draught, 
per square foot of fire-grate surface per hour. 

The boiler of a locomotive goods-engine having an area of fire-grate 
-surface of ry square feet, and burning 34 lbs. of coal per mile at a speed 
'Of 20 miles an hour, will consume, 
34 lbs, of coal X ao miles an hour ^ ,^3 ^j ^^^j ^^^ ^^ 

17 square feet of fire-grate 
•fire-grate surface per hour. Each pound of coal will evaporate, say, lo lbs. 
•of water per hour, and the evaporative power of a square foot of fire-grate 
•surface of a goods locomotive-boiler, on this basis, is = 40 lbs. of coal x 
10 lbs. of water = 400 lbs. of water per square foot of fire-grate surface per 
ihour, and = 400 lbs. -7- 60 minutes = 6*66 lbs. of water per square foot of 
iire-grate surface per minute. 

Steaiii-TirodiioiiLg Capaoitj of PiAreat Types of Boilen p«r 
Square Foot of Fire-Qrate Biurfaoe. — ^The preceding calculations show 
ithat the production of steam varies considerably in different types of boilers. 
Taking the average of a number of evaporative tests of good boilers of 
different types when burning good coal, the rates of evaporation under 
ordinary working conditions are usually as follows : — 

Pounds of water evaporated 
per square foot of fire- 
grate surface per hour. 

Vertical cross - tube boilers have a maximum average evaporation of 90 

it „ M ,. mean „ „ „ 50 

' " »i ft 9f no 

tt tt tt 60 

ft tt tt 140 

tt tt tt 80 

tt tt i» 19^ 

tt tt „ 140 

tt tt tt 200 

tt tt » 115 

tt tt ft 2ro 

tt tt tt 140 



215 

155 
220 
160 
240 
170 

250 
x8o 



vertical tubular boilers 


Jf 


maximum 


tt tt It • • • 
Plain cylindrical boilers . 


It 


mean 
maximum 


tt It tt • • 
Cornish boilers 


tt 
tt 


mean 
maximum 


tt >>•••• 
Portable boilers, of locomotive type 


tt 
tt 


mean 
maximum 


It tt tt tt 
Water-tube boilers of various kinds 


tt 
It 


mean 
maximum 


tt tt tt 
Externally fired cylindrical 
multitubular boilers 


tt 
tt 


mean 
maximum 


tt tt ft 
Lancashire boilers . . . 


tt 
tt 


mean 
maximum 


tt >> • • • 
The Galloway boiler . . . 


tt 
tt 


mean 
maximum 


tt It tt » » ' 

Internally fired cylindrical 

multitubular boilers . . . 

tt M }} 


tt 

tt 
tt 


mean 

maximum 
mean 



EVAPORATIVE PERFORMANCE OF A BOILER. 



IIS 



Pounds of water evaporated 
per square foot of fire- 
grate surface per hour. 

Boilers of modified locomotive 1 have a maximum average evaporation of 300 



type with natural draughts 
Boilers of locomotive goods- , 

engine 
Boilers of locomotive pas-' 

senger-engines 



mean ,, ,, „ 200 

maximum „ ,, „ 5cx> 

mean „ „ „ 400 

maximum „ „ ., 900 

mean „ „ „ 6cxd 
The evaporative performances of these boilers are with normal rates of 

combustion, and all with natural draught, except those of the locomotive 
type, which have steam-blast in the chinmey. 






Table 38. — Evaporative Performance of a Marine Return-Tube 
Steau-Boiler, with different Rates of Combustion. 





ECONOMICAI. 










Pounds of 
Anthracite 
Con«amed 
per Hour pa 
Sqnzre Foot 
of Fire-grate 
Surface. 


EVAPO 

Pounds of 
Water Eva- 
porated under 
Atmospheric 
Presmre front 
MS* Fahr. by 

I IK of 
Anthracite. 


KATION. 

Per-centage 

of the total 

Heat de. 

the Combus- 
tion utilised 


Temperature 
in Degrees 
Fahr. of the 
Products of 
Combustion 

when leaving 
the Boiler. 


Weight of 

Steam fur- 
nished by the 
Boiler in 
equal time, 
expressed 
proportion- 
ally. 


Weight of 
Steam fur- 
nished by 
equal weights 
of Anthra* 
cite, ex- 
pressed pro- 
portionally. 


Weight and 

Bulk of 
Anthracite 
required to 
furnish equal 
Weights of 
Steam, ex- 
pressed pro- 
portionally. 




evaporatively 










6 


10-49 


8« 


445 


i-ooo 


I -000 


rooo 


7 


10-44 


84-1 


455 


I-l6l 


'^il 


I -004 


8 


IO'35 


83-6 


473 


1-312 


-986 


1-013 


9 


10-23 


82-3 


497 


1-462 


•975 


1*025 


1 '° 


10-05 


8o-8 


580 


1-596 


-958 


I -043 


1 II 


9-81 


78-9 


1-714 


*935 


I 069 


! " 


9-53 


76-7 


636 


1-817 


•908 

-878 


i-ioo 


, '3 


9-21 


74-1 


699 


1-902 


1-138 


i 14 


8-87 


11'^ 


767 


1-973 


•845 


1-182 1 


: 15 


8-52 


68-5 


837 


2-030 
3-087 


•812 


I-23I 


! 16 


8-21 


66-0 


898 


•782 


1-277 


^Z 


7-95 


63*9 


950 


2-147 


758 


i'3i9 


18 


770 


61-9 


999 


2-202 


•734 


1-362 


19 


7-48 


6o-2 


1043 


2-258 


•713 


1-402 


20 


732 


58-9 


1075 


2-326 


•697 


^•433 


21 


7-i6 


57-6 


1 107 


2-389 


-682 


1-465 


22 


7-04 


56-6 


1131 


2-460 


-671 


1-490 


23 


f'2* 


557 


1154 


2-528 


•659 


1-515 


24 


6-82 


54-8 


1174 


2-600 


•650 


1538 



The XSconomioal SvaporatiTd Xifflcidnoy of Steam-Boildrs is con* 
jsiderably affected by the rate of combustion. This is clearly shown in 
Table 38, which contains the results of experiments by Mr. Ishem'ood, 
with a steam-boiler having a ratio of heating-surface to fire-grate surface of 
^5 to I, and an area through the tubes equal one-eighth of the fire-grate sur- 
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face. The temperature of the products of combustion, at the moment of their 
formation, was assumed to be 3469° Fahr. above that of the atmosphere, 
which was 68'' Fahr. 

It will be seen from the results of this boiler-test, that, as the rate of com- 
bustion increased the economical evaporation decreased, the weight of steam 
supplied in equal time increased, and the temperature of the products of 
combustion on leaving the boiler increased rapidly. 

Friming of 8t«aiii-Boilem. — When water is carried with the steam 
from the evaporating surface, a boiler is said to prime. Priming is caused 
by the resistance to the escape of the steam-bubbles opposed by the friction 
of the water on their surfaces, as they rise through the water to the steam- 
space. It is increased by the presence of impurities in the water, because 
they tend to cause the retention of the steam-bubbles, which results in infla- 
tion of the water and more or less violent agitation of its surface, and the 
ejection of spray to the steam-space. 

Priming is also caused by a sudden withdrawal, or rapid rush, of steam 
from the boiler, by violent local ebullition, and by a wide difference of pres- 
sure in different parts of a boiler, which produces currents of spray. Priming 
may be caused by insufficient evaporative-surface and deficient steam-space. 
Priming always exists where circulation is defective or impeded, and the 
steam cannot escape freely from the water-heating surfaces. 

When intense heat impinges upon the side of a water-spaced com- 
partment it is liable to cause priming, and when it impinges upon both sides 
of the compartment, the water becomes so greatly agitated by steam- 
bubbles clinging to the surfaces as to cause the ejection of much spray, 
resulting in more or less severe priming. 

To prevent priming, it is essential to provide efficient circulation with 
ample evaporative-surface and steam-space in a boiler, and to withdraw the 
steam quietly ; and the boiler should be large enough to do its work without 
forced firing. The tendency of a boiler to prime decreases as the pressure 
of the steam increases. 

Oil has sometimes been injected into boilers to prevent priming. Mineral- 
oil is the most effective for this purpose, but it should be of the purest and 
best quality, and its vaporising-point should be higher than the temperature of 
the steam. Common mineral-oil contains much bituminous matter, and all 
animal and vegetable oils contain resinous matter, and they are consequently 
dangerous in steam-boilers. They leave a deposit which mixes with sedi- 
ment from the water and forms an impermeable coating on the heating- 
surfaces, and causes overheating, and bulged furnace-crowns. 

Foaming. — ^Priming differs from foaming, which is a dirty frothy condi- 
tion of the surface of the water. It is caused by scum, arising from impuri- 
ties held principally in suspension in the water, and floating on its surface. 
Water in a pure state can not produce foam. Less moisture is produced in 
steam from foaming than from priming. The remedy for foaming is fre- 
quent blowing-off at the surface of the water. 
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WATER . HEATING - SURFACES OF STEAM- 
BOILERS ; TRANSMISSION OF HEAT ; 
SMOKE-TUBES ; EVAPORATIVE POWER 
AND EFFICIENCY OF BOILERS; WATER- 
CAPACITY AND STEAM-CAPACITY OF 
BOILERS ; FIRE-GRATES, FIRE-BRIDGES 
AND FIRE-BARS ; POWER OF BOILERS ; 
CYLINDRICAL SHELLS AND FURNACE- 
TUBES OF BOILERS, ETC. 

TIm Seqnixements of a Good Staam-Boiler may be briefly stated as- 
follows : — 

Excellency of design, for securing safety and economy in working. 

Ample size for the development of the required power with easy firing. 

Simplicity of construction, with all parts easy of access for thorough in- 
temal and external examination, cleaning, and repairs, also admitting of 
ready renewal, but not liable to frequent repairs. 

Durability of construction, and freedom from excessive wear and tear. 

Excessive strength, with freedom from excessive deteriorating strains,, 
such as result from unequal expansion and contraction. 

Sufficient elasticity to permit expansion by heat. 

Ample heating-surface, formed to facilitate circulation, and arranged in 
the best position for the efficient absorption of the available radiant heat, and 
also for the extraction of the greatest possible quantity of heat from the 
products of combustion ; and having all parts readily accessible for cleaning^ 
or scaling. 

A flow of hot fuel-gases well distributed over the heating-surfaces, and of 
sufficient duration to permit efficient absorption of the heat. 

Efficient natural circulation of the water, with the greatest possible 
uniformity of temperature throughout the boiler. 

Ample steam-space and evaporative-surface to effect tranquil release of 
the steam from the water, and secure an ample and steady supply of dry- 
steam, of uniform quality. 
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A fumacelarranged in the best manner to effect the most complete com- 
bustion of the fuel, and the development of the greatest possible quantity of 
heat. 

Fire-grate surface properly proportioned to the rate of combustion of the 
fuel and to the area of the heating-surface. 

Ample furnace-space above the fire to permit development of flame, and 
obtain the greatest possible amount of radiant heat. 

A combustion-chamber, or sufficient space to effect mixture of jur and 
fuel-gases, and complete their combustion. The combustion-space provided 
in multitubular boilers should be sufficient to permit complete combustion 
of the fuel-gases before they reach the smoke-tubes. 

It should have no joints or seams of plates exposed to direct impingement 
of flame. 

No boiler which does not reasonably fulfil these requirements can be con- 
sidered a highly efficient, or practically perfect, steam-generator. 

It is desirable to provide an excess of boiler-power. When a boiler has 
no margin of power, it may be said to be too small for its work, and more 
or less forced firing will be required, resulting in extravagant consumption 
of fuel. 

A boiler should be capable of economically developing its reputed 
power with easy firing, moderately strong draught, and fuel of average 
quality. It should also be capable of developing in an emergency, when 
maximum economy is not of importance, at least one-third more than its 
reputed power. 

Water-Eaating SurfJEboes of Steam-Boildrs. — ^The plates forming the 
water-heating surfaces of a boiler absorb heat, communicated from the fuel 
by radiation and contact, and transmit it to the water. A sound plate in 
continual contact with water on one side, never acquires a temperature 
sufficiently high to sensibly diminish its strength. 

The evaporative efficiency of a steam-boiler depends greatly upon the 
efficiency of its heat-absorbing surfaces and the activity of the circulation of 
the water over them. It is therefore essential to give the heating-surfaces 
the best form and position for permitting free escape of heated water and 
steam from them, and facilitate rapid absorption and transmission of heat. 

In order to determine the best shape or form of heating-surfaces, an experi- 
ment was made with a cubical metal-box submerged in water and heated 
from within; and it was found that steam was generated from its upper 
surface more than twice as fast per unit of area than from its vertical sides, 
and that the bottom surface generated no steam. These differences are 
owing to the difficulty with which steam separates from a vertical surface to 
give place to fresh charges of water, and to the impossibility of its escape 
from an inverted surface. The box was also placed in an inclined position, 
when the elevated side permitted the steam to escape much more readily, 
and the rate of evaporation was increased ; while on the depressed side the 
steam hung so sluggishly as to cause the metal to become overheated. 
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It appears from this and other experiments that, when a fire is enclosed by 
water-space sides, the sides of the fi^e-box should be inclined instead of 
vertical, in order to permit the free escape of steam-bubbles as fast as they 
are foraied, and that surfaces beneath the fire are of no value as heating- 
sarfaces. 

ThioknMNi aad ConductiTd Value of Metal for Water-Keating 
Bu&oes. — ^The thickness of the plates forming the heating-surfaces of 
steam-boilers, within the limits of ordinary practice, has very little effect on 
their evaporative eflSciency. In an experiment by Mr. Isherwood, made 
with cylinders of different kinds of metal, of |, J, and f inch thick, having 
water inside, and heat applied uniformly on the outside, it was found that, all 
other things being equal, the weight of water vaporised in a given time was 
in the direct ratio of the difference of the temperatures inside and outside the 
metal; and that the weight of water vaporised in a given time was not 
affected by the thickness of the metal. 

The quantity of water evaporated under an atmospheric pressure of 29*92 
inches of mercury, by a difference of temperature of one degree Fahr. 
between the inside and the outside of the metal cylinders, and the absolute 
heat-conducting power of the metals employed in the experiment, are given 
in the following Table : — 

Table 39. — Results of Experiments on the Evaporative-power, and 
Heat-transmissive Power of Metals. 



DcscnpCioD of MctAl. 


Thennal Condiictivity 

in terms of fractions 

of a lb. of water of aia", 

vaporised under atmos- 


Thermal conductivity 
in terms of Heat-units 
transmitted per Hour, 
through one sauare fool 
of material byaifTerence 
of Temperature of i* 
Fahrenheit. 


Relative Thermal 
Conductivity. 


Copper. . .. '665365 
Brass . . '576610 
Wrought-iron . '386895 
Cast-iron . ., '326956 


642-543 
556832 

373'625 

3I574I 


I'OOOOOO 
•866607 
•581478 
'491393 



In these experiments the surface of the metals was clean and bright, a 
condition not obtainable in practice with steam-boilers, as the surfaces are 
always tarnished, or coated with a slight scale even in their best condition. 

It has been proved as the results of experiments, and practice, that when 
after a few days work the heating-surfaces of a steam-boiler become coated 
Trith a slight skin of scale, however thin, there is no difference in the evapo- 
rative efficiency of copper, brass, iron, or steel, and that these metals all 
possess the same heat-transmissive-power. 

Tlie Staaming-Capaoitj of the Fumaca-Tubas of Steam-Boilerfl 
incieases slightly as the thickness diminishes below f inch, but the benefit 
disappears as the plates become coated with incrustation. The results of 
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many experiments prove that, for all thickness of plates not exceeding ^ inch 
thick, the evaporative effect is practically the same, but above that thickness 
the evaporative efficiency decreases with the thickness of the plate. 

It is frequently considered desirable to limit the thickness of furnace- 
tubes to i inch, but when they are constructed of homogeneous plates free 
from laminations, thicker plates than this may be used without much 
affecting the transmission of heat. Thick plates suffer more injury from 
unequal expansion than thin plates, the injury being directly proportional 
to the thickness. Therefore it is essential in using thick furnace-plates to* 
make ample provision for the accommodation of expansion ; and there should 
be free circulation of the water. 

Furnace-tubes of plates | inch and f inch have been employed, and f oimd 
to work satisfactorily, and it is a practical question whether the thickness, 
may be further increased. The effect of thickness in raising the temperature- 
of the interior of plates forming water-heating surfaces has not been deter-^ 
mined, but it is probable that when the circulation of the water is efficient, 
the interior of plates of any thickness within reasonable limits, or say, not 
exceeding i J inches in thickness, would be very little higher in temperature: 
than that of the water in the boiler, and there would be no sensible dimi- 
nution in the strength of the plates. 

The transmission of heat is obstructed by a break in the continuation of 
a platfe such as is produced by laminations, blisters, and imperfections in 
the contact of two plates forming a seam, because these defects break the 
continuity of the conduction of heat. The plates of heating-surfaces should, 
therefore, be of homogeneous structure, and as riveted seams are liable to- 
obstruct the transmission of heat more or less, they should not be exposed 
to the impact of fierce heat or flame. 

Tamperatnrd of the STaporatiTd-Snrfiacd, or Wator-Sido of Platen 
forming Eoating-8iirfiaco9- — In an experiment by Mr. Hirsch, it was found 
that the difference between the temperature of the external surface of the 
plate and the temperature of the water on the other side of the plate, rises, 
progressively as the rate of evaporation per square foot of heating-surface 
per hour increases. The difference at a rate of evaporation of 4 1 pounds of 
water per square foot of heating-surface per hour was 212° Fahr., and it did 
not exceed 302° Fahr. when the evaporation was as high as 61 pounds of 
water per square foot of fire-grate surface per hour. It was found that even- 
with very high rates of evaporation the temperatures of the external surface 
of the plate did not exceed 536° Fahr. 

EraporatiTO Valuo of EoatiiLg-SiirfiEMe. — It is necessary to provide^ 
sufficient heating-surface in a steam-boiler to absorb the heat evolved by the 
fuel and transmit it to the water. When the heating-surface is insufficient to« 
absorb the heat, the gaseous products of combustion escape to the chimney 
at a high temperature, and the maximum heating-effect cannot be obtained 
from the fuel. The evaporative value of heating-surfaces varies considerably- 
in different classes of boilers, and also in the same class of boiler. 
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In a careful experiment, made to determine the evaporative value of the 
heating-surface of a small cylindrical multitubular steam-boiler, with natural 
draught, it was found that the greatest quantity of water that could be evapo- 
rated under ordinary working conditions, from cold feed water, was 6 
pounds per square foot of total heating-surface per hour with a moderate 
draught, and 7 pounds with a strong draught. Therefore it may be aflSirmed 
that one cubic foot of water, or 62*4 pounds -r- 7 pounds per square foot = 
8*915, or say, in round numbers, 9 square feet of the heating-surface of this 
tjrpe of boiler will transmit the heat required to evaporate one cubic foot of 
water per hour. 

Each unit of heating-surface does not possess the same heat-transmissive 
value, because the rate of evaporation is most rapid near the fire, and de- 
creases with the distance from the fire. It may be 21 pounds of water per 
square foot of heating-surface per hour from the surface immediately over 
the fire, and only i pound per square foot of heating-surface per hour from 
the surface at the point furthest from the fire, or where the gases leave the 
boiler. 

Although the rate of evaporation varies greatly for different portions of 
the heating-surface, it is usual to measure the evaporation by tiie average 
rate of evaporation per square foot of total heating-surface per hour. 

Eeatmg-SiixfiAoe of Fire -Boxes of Boilars of the LocomotiTe 
Typo- — The capacity of the fire-box depends upon the quantity and 
character of the coal burnt. The more bituminous the coal the greater is 
the area required in the fire-box above the top of the fuel. Anthracite coal 
gives up its heat principally upon the fire-grate and evolves only a small 
quantity of combustible gases; it therefore requires much less space in the 
fire-box above the fuel than bituminous coal which evolves a large quantity 
of combustible gases. These gases unite with oxygen before combustion 
takes place, and considerable space is required above the fuel for their 
mixture and combustion. 

Radiant heat is the most effective for heating purposes, and the heating- 
surfaces of the fire-box absorb radiant heat from the incandescent fuel on the 
fire-grate and from the flames. It has consequently a much higher evapo- 
rative efiiciency than any other portion of the heating-surface. The quantity 
of radiant heat evolved from coal is equal to about fifty per cent, of the total 
heat due to its combustion. The fire-box should have sufficient capacity, 
or area above the top of the fuel, to admit of free development of flame 
and the production of the greatest quantity of radiant heat, and also to en- 
sure efl5cient combustion of the fuel-gases before they enter the tubes, which 
is essential to economical combustion. 

When gases and solid particles of fuel enter the tubes unconsumed they 
are practically wasted. Solid particles of fuel are prevented from being 
drawn into the tubes, and combustion of the fuel-gases is promoted, by the 
employment of a brick-arch in the fire-box, which absorbs radiant heat and 
gives it up to the gases as they ascend from the fire, thus assisting their 
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Fig. 30. — Fire-box of boiler. 



ignition and giving time for their combustion, by hindering and prolonging 
their passage from the bed of fuel to the tubes. The gases are deflected 
by the brick-arch towards the fire-hole, where they meet air admitted 
through the deflector scoop at the fire-door. 

The brick-arch furnishes the necessary igniting temperature for pro- 
moting the combustion of the mix- 
ture of air and gases. The space 
between the brick-arch and the tubes 
forms a small combustion-chamber, 
which assists the development of 
flame and conduces to efficient com- 
bustion, but the run of the gases is 
much too small, before entering the 
tubes of the boiler, to effect com- 
plete combustion of the gases before 
they leave the fire-box. By lengthen- 
ing the fire-box and removing the 
tube-plate a good distance from the fire, the tube-ends are protected from 
destructive heat, and a greater portion of the heat is absorbed before 

entering the tubes. 

Modified Fira-Bozes. — A modi- 
fied form of locomotive fire-box is 
shown in Fig. 30. It is shallow, and 
of sufficient length to permit the 
employment of an efficient com- 
bustion-chamber, which is formed by 
a brick arch. 

Another form of fire-box with 
combustion chamber is shown in 
Fig. 31. The fire-box is carried a 
short distance into the barrel of the 
boiler. Air may be supplied above the 
fire through hollow stays in the sides of the fire-box, the total area of aperture of 
which should be equal to about one-fiftieth of the area of the fire-grate surface. 
These arrangements facilitate free development of flame and favour 
economical combustion. A large area of crown-plate of the fire-box is 
presented for the absorption of radiant heat, which conduces to evaporative 
efficiency. 

The Svaporativd Value of a Squaare Foot of Fire-Boz Eeating- 
Surfacd of a SteaniTBoiler has been determined approximately by experi- 
ment. In an experiment with a locomotive boiler, it was found that, one 
square foot of fire-box heating- surface evaporated i6'6j lbs. of water 
per hour. This is a much lower result than that obtained in other ex- 
periments. In the experiment described on page 127 the highest result 
was 36-9 lbs. of water evaporated per hour. 
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Fig. 31.— Fire-box of boiler. 
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In experiments with four different locomotive boilers, the results obtained 
were respectively 19*40 lbs.; 20-64 lbs.; 21-96 lbs.; and 2312 lbs. of 
water evaporated per square foot of fire-box heating-surface per hour : thia 
gives an average of 21-28 lbs. Therefore it may be assumed that, one 
square foot of the heating-surface of the fire-box of a boiler of the locomo- 
tive type, will evaporate on an average 21 lbs. of water per hour. 

In an experiment with the boiler of a portable-engine, of the locomotive 
type, one square foot of fire-box heating-surface evaporated 16-85 lbs. of 
water per hour. 

Water-Space of Fire-Bozes. — The width of the water-space surrounding 
fire-boxes and combustion-chambers, depends principally upon the weight of 
fuel burnt per hour on the fire-grate, the larger the quantity of fuel burnt the 
larger should be the water-space. In order to secure efficient evaporation and 
durability of the plates, the width of water-spaces should never be less even in 
the smallest boilers than 3^ inches at the bottom ; and the width at the top of 
the water-space should be at least one-half greater than that of the bottom, 
in order to permit free movement of the convection currents and obtain free 
circulation and efficient evaporation. This proportion refers to boilers using 
good water; when the feed-water is impure, or largely charged with foreign 
matter, the water-space should not be less than five inches in any case. 

Eea-iing-Siixfbce of the Smoke -Tubes of Steam -Boilers. — The 
greatest proportion of heating-surface is presented to a volume of gas when 
it is divided into small streams by passing through small tubes. The 
smoke-tubes should be placed at sufficient distance above the fire to permit 
the greatest possible efficiency of combustion of the fuel-gases before they 
enter the tubes. Efficient combustion of gases cannot be effected in small 
tubes of from i^ to 4 inches in diameter, such as boiler-tubes, of a greater 
length than that equal to 15 times the internal diameter of the tube. Be- 
yond that point the fiame is attenuated and feeble and is liable to become 
extinguished, because the comparatively cold portion of the tubes may 
cool the gases below the temperature of ignition. Where combustion i& 
continued beyond that distance, it is very imperfect and results in loss 
from the escape of unconsumed fuel to the chimney. 

The evaporative power of tube-heating-surface varies considerably. In 
the case of two locomotive boilers, one evaporated 6-8 lbs. and the other 9*6 
lbs. of water per square foot of the whole heating-surface of the tubes per 
hour. Taking the higher value and assuming that each square foot of the 
fire-box heating-surface evaporated 2 1 lbs. per hour, and that the ratio of 
the fire-box surface to the tube-surface was as i to 3. Then the evaporation 
of this boiler would be 1x21 = 21 lbs. by the fire-box, and 3 x 9*6 = 
28-6 lbs. by the tubes, or a total of 21 -h 28*6 = 49-6 pounds of water 
evaporated from each square foot of total heating-surface per hour. Show- 
ing that the heating-smface of the tubes evaporated (28*6 x 100) -=- 49-6 = 
58 per cent, of the total evaporation. 
It is probable that the whole evaporation from the tube-surface of multi- 
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tubular boilers seldom exceeds 8 lbs. of water per square foot of tube-surface 
per hour, and in many cases it is only about 6 pounds. 

The relative value of the fire-box heating-surface and the tube heating- 
surface of steam-boilers cannot be accurately determined, because it varies 
with the intensity of the draught. With a light draught the fire-box absorbs 
the largest quantity of heat, and the smallest quantity passes through the 
tubes; s^nd less heat is absorbed by the fire-box and a greater quantity 
passes through the tubes as the draught is increased. 

In an experiment with the boiler of a locomotive engine used as a 
stationary boiler the fire-box heating-surface evaporated twenty times as much 
water as the tube heating-surface, with natural draught; but when the 
draught was increased artificially, the fire-box heating-surface only evaporated 
•seven and one-half times as much as the tube heating-surface. 

In another experiment with a locomotive boiler, i square foot of fire-box 
heating-surface evaporated as much water as 4 square feet of tube heating- 
surface. 

In another experiment with a locomotive boiler, i square foot of fire-box 
heating-surface evaporated as much water as 27 square feet of tube heating- 
surface. 

In an experiment with the boiler, of a portable engine, i square foot of 
fire-box heating-surface evaporated as much water as 3*65 square feet of 
tube heating-surface. 

It may be assumed that when the sides of the fire-box are inclined, or 
taper to facilitate evaporation, i square foot of the fire-box heating-surface 
of a locomotive boiler will on an average evaporate as much water to steam 
as 35 square feet of tube heating-surface. If the sides of the fire-box are 
vertical, it may be assumed that on an average, i square foot of fire-box 
heating-surface is equal in evaporative power to 3 square feet of tube 
heating-surface of a locomotive boiler. 

Belativd Evaporative Power of different Fortione of the Lengtb. 
of Boiler-Tubes. — Many experiments have been made to determine the 
relative evaporative value of different portions of the length of boiler-tubes. 
The following are the particulars of a few of such experiments : — 

In an experiment with a multitubular boiler, the barrel was divided by 
partitions into 5 lengths or sections each 12 inches long, when the 
following quantities of water were evaporated from the sections of the 
tubes : — 

Section of tubes . . i 2 3 4 5 

Water evaporated in lbs. .65 29 16 13 10 

The first section of tubes was next the fire-box. 

In an experiment with a locomotive boiler, the evaporation from the first 
€ inches in length of the tubes was found to be the same as that of the fire- 
box, and the first 6 inches in length did more work than the remainder of 
the length of the tubes. 
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In an experiment with a multitubular boiler, the tubes were divided into 
six sections, and the percentage of evaporative duty performed by each 
section was as follows : — 

Section of tubes, commencing at the furnace-end . .123456 
Percentage of the evaporation performed by each section .472314853 

In an experiment with an externally fired plain cylindrical boiler, divided 
into three sections of equal length, with a coal consumption of 100 lbs. per 
hour, 4-67 lbs. of water were evaporated from 58° Fahr. per lb. of coal, with 
a heating-surface of 15 square feet. 

The water evaporated by each section was as follows : — 

Section of boiler, commencing at the furnace-end . . 123 

Percentage of evaporation performed by each section . . 65 24 1 1 

• 

In an experiment with the boiler of a locomotive engine, the boiler was 
divided into five compartments. The first compartment consisted of the 
fire-box, including three inches in length of the tubes ; the four tube- 
sections were each 3*02 feet long. When the boiler was fired with coke 
the quantity of water evaporated per square foot of heating-surface per hour 
in the first or fire-box compartment was 24*5 lbs., and in the first section of 
the tubes 872 lbs. When fired with block-fuel or briquettes of coal, the 
quantity of water evaporated per square foot of heating-surface per hour 
was 36-9 lbs. in the first or fire-box compartment, and 11*44 lbs. in the 
first tube-section. 

The results of the test are given in the following Table : — 

Table 40. — Showing the Percentage of Evaporation performed by 
EACH Section of the Boiler in a Test of a Locomotive Boiler. 



Vacuum in the 

Smoke-Box in 

Inches of Water. 



•78 

156 

234 
312 

390 



Sections op Boilsx-Barrbl. 



No. X. 
Per Cent. 

17 
18 

21 



No.*. 


No. 3. 


Per Cent. 


Per Cent. 


7 


3 


9 


4 


7 


6 


8 


5 


9 


6 



No. 



Per Cent. 
2 



Total 

of 
Tubes. 



Per Cent. 

32 
41 



Total 

of 

Fire-Box. 

Per Cent. 

70 

64 
64 
67 
58 



Av«ragd relativa SvaporatiYd Value of differdnt Fortioiui of the 
Edating-SnrfSEMsas of different kinds of Steam-Boilers. — ^The results 
of experiments on the value of different portions of the heating-surfaces of 
steam-boilers vary considerably. It may be assumed that the rate of 
evaporation from the heating-surface of boiler-tubes diminishes one-half at 
each one-third in length of the tube. On this basis, the evaporative value of 
different portions of the heating-surface of a locomotive boiler, expressed in 
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terms of the total heating-surface, is approximately as follows : — Heating- 
surface of the fire-box 65 per cent. ; of the first one-third in length of the 
tubes, next to the fire, 20 per cent. ; of the second one-third in length of 
the tubes, 10 per cent. ; of the last one-third in length of the tubes, 5 per 
cent. Although the latter portion of the tubes has little evaporative value, it 
is effective in raising the temperature of the feed-water to the point necessary 
for the rapid generation of steam from it by the more effective portions of 
the heating-surface. 

In a marine return tube-boiler the combustion-chamber allows the gases 
to become properly mixed and facilitates their combustion ; it also permits 
the development of flame, which radiates a considerable quantity of heat. 
Hence, the temperature of the products of combustion are practically the 
same in the combustion-chamber as in the furnace-tube : and the heating- 
surfaces of the furnace-tube and the combustion-chamber perform about 60 
per cent, of the evaporation, and the heating-surfaces of the tubes perform 
40 per cent. 

In Lancashire and Cornish boilers the heating-surfaces of the furnace- 
tubes and Galloway-tubes perform nearly all the evaporation, the external 
heating-surfaces in the flues principally doing duty as water-heaters. 

In multitubular boilers with horizontal tubes, the bottom rows of tubes are 
of little value as heating-surfaces, because the bulk of the gases rise to the 
top of the fire-box or combustion-chamber, and escape through the top rows 
of the tubes, the temperature in which is frequently 25 per cent, greater 
than that in the bottom rows of tubes. This difference of temperature may, 
however, be partly due to the top rows of tubes being surrounded by 
steam-bubbles evaporated from the lower tubes, while the bottom rows of 
tubes are surrounded by water. 

Eeat-traasmissiTe Capacity of the Eaating-siirfaces of Steam- 
BoUars. — In the experiment with the plain cylindrical boiler, described on 
page 127, 100 lbs. of coal, x 467 lbs. of water evaporated, x "65 the 
efficiency of evaporation of the first section, = 303 lbs. of water were 
evaporated per hour, from a heating-surface of 1 5 square feet = 303 -s- 1 5 
= 20'2 lbs. of water evaporated per square foot of heating-surface per hour. 
Taking the heat required to evaporate i lb. of water at 1178° — 58° Fahr., 
the temperature of the feed-water, = 1 1 20 units, then each square foot of 
heating-surface transmitted 11 20 units x 20*2 lbs. of water evaporated ^ 
22624 units of heat per hour. 

In the experiment on the locomotive boiler described at page 127, the water 
evaporated with coke was = 24*5 lbs. per square foot of heating-surface, 
and if the temperature of the feed-water was 60° Fahr., then the heat required 
to evaporate one pound of water was =1178 — 60 =1118 units; and 
each square foot transmitted 24*5 lbs. x 1118 units = 27391 units of heat 
per hour. As 36*9 lbs. of water were evaporated per square foot of heating- 
surface with coal, each square foot of heating-surface transmitted 11 18 units 
x 36*9 lbs. = 41255 units of heat per hour. 



TRANSMISSION OF HEAT BY HEATING-SURFACES* 12^ 

Peclet found that the bottom surface of a boiler^ exposed to intense heat 
from a furnace, evaporated about 20 lbs. of water per square foot of heating* 
surface per hour; this is equal to 11 18 units x 20 = 22360 units of heat 
transmitted per square foot of heating-surface per hour. 

Assuming the temperature of the furnace of the boiler to be 2400^ Fahr., 
the heat-transmissive capacity of one square foot of heating-surface, or the 
number of units transmitted, from the hot gases outside the heating-surface 
to the water in^de the boiler, per hour per square foot of heating-surface for 
each degree of difference of temperature is, taking the quantity of heat 
transmitted in the experiment with the plain cylindrical boiler previously 
described, as follows : — 

Heat transmitted = _1»^4 jmits of heatper hoar_ ^ ^^ ^ 
2400"^ Fahr. temperature of furnace 

heat per hour, by each square foot of surface for each degree of difference 
of temperature. 

In the experiment with the locomotive boiler, above described, the heat 
transmitted was = 27391 -r- 2400° Fahr. = n*4t units per hour with coke, 
and = 41255 units -?- 2400^ s= 17*19 units per hour with coal. 

In Peclet's experiment 22360 units -f- 2400° Fahr. = 9*31 umts of heat 
were transmitted per hour. 

In an experiment with Thomeycroft's torpedo-boat boiler, 18 lbs. of water 
were evaporated per square foot of heating-surface per hour from feed-water 
at 56^ Fahr., under an air-pressure of 6 inches of water in the stokehold* 
The heat required to evaporate one pound of water was = 1 178 — 56^ = 
II 22 units: and each square foot of heating-surface transmitted, 18 lbs. x 
1 122 = 20196 units of heat per hour. The heat transmitted, assuming a 
fomace-temperature of 2400^ Fahr., was = 20196 units -^ 2400 = 8*41 
units per hour by each square foot of surface for each degree of difference 
of temperature. 

In Uie experiment with an evaporator described on pages 339 and 340, 
140*23 lbs. of water were evaporated per square foot of heating-surface per 
hour, and 1224 units of heat were transmitted per square foot of heating- 
surface per hour for each degree of difference of temperature. 

It will be seen from these experiments that the rate of evaporation varies 
considerably. 

Thm Sate of TraimiiMdon of Heat by water-heating sturfaces is 
proportional to the area exposed to the heat, the time of contact, and to the 
difference between the temperature due to combustion on the outside, and 
that of the water on the inside of the metal plates. It is nearly inversely 
proportional to the thickness of metal when more than f inch thick, and 
depends upon the state of the heating-surfaces as regards being clean 
or encrusted on the water-side, and clean or coated with soot on the 
fire-side. 

The transmissive efficiency varies with the efficiency of the circulation of 

S.B.C. X 
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the water on one side of the plate, and that of the gases on the other dde of 
the plate. 

The rate of transmission of heat varies in different kinds of boilers. It 
may in a general way be estimated approximately by the following formula, 
which applies to well-arranged boilers with clean heating-surfaces : — 

Let R = the average rate of transmission of heat in units per hour per 
square foot of heating-surface for each degree of difference of temperature. 
C = a constant varying for different types of boilers as follows : — 

C = '5 for Cornish boilers. I C = 7 for marine return tube-boilers. 

^ C = '6 for Lancashire boilers. I C= '8 for locomotive boilers. 

. Then R = V (working pressure of steam) x C. 

For instance, the rate of transmission through the plates of a Lancashire 
boiler having clean heating-surfaces, with a working pressure of steam of 
100 lbs. per square inch is approximately, 

= V 100 lbs. pressure per square inch x "6 = 10 x '6 = 6 

tinits of heat per square foot of heating-surface per one degree of difference 
of temperature per hour. 

When the heating-surfaces are only moderately clean, multiply the 
result obtained by this rule by '8. 

The Quantity of Heat traimiitted at a given rate is proportional to 
the area of the heating-surface. A steam-boiler with well-arranged heating- 
surfaces, when burning coal which deposits little or no soot or non- 
conducting coating on the heating-surfaces, will on an average transmit 
through its effective water heating-surfaces 73 per cent, of the total quantity 
of heat theoretically due to the complete combustion of coal in its furnace. 

On this basis the rate of transmission of heat by the heating-surfaces of a 
steam-boiler may be calculated by the following formula : — 

I-et C = the calorific power of one lb. of the fuel. 
• / = the percentage of heat available for transmission, which in well- 
arranged boiler averages, 73. 

W = the total weight of coal burnt per hour. 

T = the absolute temperature of the gases produced. 

/ = the absolute temperature of the water in the boiler. 

H =: the heating-surface of the boiler in square feet. 

Then the number of units of heat, U, absorbed per square foot of 
heating-surface per one degree of difference of temperature per hour is : — 

(T - /) X H" 

Example: Required the rate of transmission of heat by the heating, 
surfaces of the boiler of a portable steam-engine, which consumed 225 lbs. 
of coal in five hours, calorific power of the coal = 14300 units per lb,; 
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temperature of the water in the boiler 349° Fahr. = 349 + 461 = 810° 
Fahr. absolute temperature. Absolute temperature of the furnace = 2820^ 
Fahr. ; heating-surface, 230 square feet. 

Then 225 lbs. of coal -7- 5 hours = 45 lbs. of coal burnt per hour, 

and »*3~«n|te XJ73_>< 45 lbs. of c<^l ^ ^.^^^ ^^.^^ ^^ ^^^ absorbed 
(2820 — 810) X 230 square feet 

per square foot of heating-surface per one degree of difference of tempera* 
turc per hour. 

This is' the average rate of transmission for the whole of the heating- 
isurface. It is greatest from the fire-box heating-surface, and the rate 
decreases as the gases fall in temperature on their way to the chimney. 

The Area of Hoatiiig-siurfaoe required to transmit a given number of 
units of heat may be found by the following formula, in which the notation 
is the same as that in the previous formula : — 

C X ^ X W 
Area of heating-surface in square feet = — — ^- — =r-. 

Example : Required the area of the heating-surface of a steam-boiler to 
transmit 5 units of heat per square foot of heating-surface, per one degree of 
<lifference of temperature per hour; calorific power of the coal 14500 units 
per lb. ; consumption of coal 200 lbs. per hour ; absolute temperature of 
the furnace 2961° Fahr.; absolute temperature of the water in the boiler 
^25° Fahr. 

Then 14500 units X 7J_x 200 lbs of_coal ^ ^^3 ^^^^ ^^ j^^^^j i 

(2961'' — 825°) X 5 units ^ ® 

surface are required for this boiler. 

The area of heating-surface required for the e£Scient transfer of heat in a 
^team-boiler depends principally upon the form and position of the heating- 
surfaces. It should be sufficient to effect the reduction of the gaseous 
products of combustion to the lowest practicable temperature before they 
are discharged into the chimney. The least extent of heating-surface is 
pennissible where it is presented to the fuel-gases in the best manner for 
the n4)id and efficient absorption of heat, or at right angles to the current 
of the hot gases^ so that the gases may impinge on the heating-surfaces. 

The steam-producing efficiency of a boiler depends upon the efficiency of 
its heating-surface in absorbing heat, and favouring free and rapid circulation 
of the water ; therefore, the area of heating-surface, necessary for a given 
•evaporation, varies according to its arrangement in different types of boilers. 

Tha Are» of Total Heating-Smrfftca required in practice for different 
kinds of steam-boilers burning good coal, with easy firing, all with natural 
draught, except locomotive and portable-engine boilers, which have exbaus^ 
steam-blast in the chimney, may be found approximately by the following 
formula : — 

K 2 



132 



STEAM-BOILER CONSTRUCTION. 



Area of heating-surface in square feet required for a given evaporation = 
Pounds of water evaporated per hour x C 
Total heat of the working-pressure of the steam. 

In which C is a constant varying for each type of boiler, as follows : — 



Locomotive boilers . C = 90 

Marine return-tube boilers C = 180 
Lancashire boilers . . C = 205 
Cornish, boilers . . C = 220 



Externally-fired plain cylin- 
drical boilers . . . C = 280 

Portable-engine boilers of 
the locomotive type . C = 53a 



Example i : Required the total heating-surface of a Lancashire boiler, to 
evaporate 5000 lbs. of water per hour, to steam of 95 lbs. per square inch 
absolute pressure. 

Then the total heat of steam of 95 lbs. per square inch absolute pressure 
is 1 1 81 '5 units per lb., and, 

Sooo D)s. of water X 20$ constant ^ g ^ ^^^ ^^^^ ^^^ 

1 181-5 units per lb. of steam ^ 

surface required for this steam-boiler. 

Example 2: Required the total heating-surface of a portable-engine 
boiler, of the locomotive type, to evaporate 500 lbs. of water per hour to 
steam of 150 lbs. per square inch absolute pressure. 

Then, the total heat of steam of 150 lbs. per square 
absolute pressure is 1192 units per lb., and, 

500 lbs. of water x 530 constant ^^^ „«..«,^ r^* 

< ; ^^— =223 square feet. 

1 192 units per lb. 

the heating-surface required for this boiler. 

SmokA-Tubes of 8team-Boil0rs. — Boiler-tubes, 
or smoke-tubes, of multitubular boilers, shown in Fig. 
32, are of wrought-iron, steel, copper, and brass. 

Dranglit-Area of SmokA-Tubes. — ^The area of 
aperture of boiler-tubes, or smoke-tubes of multitubular 
boilers, that is, the area through which the products 
of combustion pass, is generally proportioned to the 
area of the fire-grate. The smaller the diameter of the 
tubes, the greater the heating-surface obtainable in a 
given space. Small tubes are liable to become choked 
with ashes and soot, and are not suitable for coal which yields a tany 
deposit, because it coats the tubes to such an extent as to sensibly diminish 
their area, and being a non-conductor of heat it reduces their evaporative 
efficiency. . The larger the tube, the greater the distance travelled by the 
flame before extinction. 

Excessive a^ea .through the smoke-tubes produces a low velocity of the 
gaseous products of combustion and a bad draught, and may cause 




Fig. 3a.— Section of 
smoke-tubes. 
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extravagant consumption of fuel. It generally results in a heavy deposit of 
soot in the tubes, and in the products of combustion passing through only 
a few of the tubes instead of the whole of them. 

Deficient area through the tubes produces a high velocity of the fuel-gases, 
which may pass through the tubes so rapidly as not to allow sufficient time 
for the absorption of the heat, causing much loss of fuel. 

The cross-sectional area of the smoke-tubes of steam-boilers with natural 
draught should not be greater than two-ninths, or less than one-eighth of the 
area of the fire-grate ; one-fifth is a common proportion. 

When forced draught is employed, the area through the tubes may be 
Irom one-tenth to one-twelfth the area of the fire-grate, according to the 
strength of the draught. 

The heat of gases in passing through tubes is diffused to the tube-surface 
by radiation. The heat is supposed to be concentrated in the axis of the 
tube, and passes from the centre to the circumference with very great 
velocity. 

Area tliroiigli the SmolEe-Tiibes of Steau-Boiloni of Ywatioxm 
T^pML — I'he area through the tubes of a steam-boiler, or the area of 
^rture of the tubes, is = (internal diameter of tube)' x 7854 x number 
of tubes. 

The following are good proportions for the aperture-area of smoke- 
tubes. — 

Areii through the tubes of locomotive boilers in square inches = area of 
fire-grate in square feet x 19. 

Area through the tubes of portable-engine boilers of the locomotive type 
in square inches = area of fire-grate in square feet x 26. 

Area through the tubes of marine return-tube boilers with natural draught, 
includuig the area of aperture of the stay-tubes, in square inches = area of 
fire-grate in square feet x 28. 

Area through the tubes of horizontal internally-fired cylindrical multi^ 
tubular boilers with natural draught, including the area of aperture of the 
stay-tubes, in square inches = area of fire-grate in square feet x 40. 

Length of Boilor Smoko-Tubos. — ^The length of the smoke-tubes of 
multitubular steam-boilers depends principally upon the strength of the 
available draught. The ratio of the length to the diameter of the smoke- 
tubes of boilers with natural draught is limited by the necessity of not 
presenting excessive resistance to the passages of the fuel-gases. 

The length of the smoke-tubes may be as great as that equal to 40 times 
the internal diameter of the tubes for boilers with a strong natural draught, 
but it should not exceed 30 times the internal diameter for a moderately 
strong natural draught. 

The length of the tubes of locomotive and other boilers with a steam-blast 
in the chimney may be as great as that equal to 120 the internal diameter 
of the tub^s. 

The lerjfth of the tubes should be sufficient to absorb the heat of the 
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fuel-gases, and prevent more heat from being carried through them than 
is unavoidable. The stronger the draught the longer may be the run of the 
gases through the boiler. 

, When the tubes are deficient in length, the fuel-gases pass through them 
before their available heat has become absorbed by the surfaces, resulting: 
in an excessively high temperature in the chimney and waste of fuel. 

The length of run of fuel-gases through small tubes, such as ^re 
used for smoke-tubes, necessary for efficient absorption of heat is 15 
feet. The quantity of water evaporated per lb. of coal decreases at 
an average rate of 2 per. cent, for each foot of decrease, in length 
of the tubes from 15 feet to 10 feet. Below that point the evaporative 
efficiency decreases irregularly but rapidly as the length decreases. 
But the rapidity of the generation of the steam, or the rate of evaporation,, 
decreases at an average rate of i per cent, for each foot of increase of 
length from 10 feet to 15 feet.. Hence, a boiler having smoke-tubes- 
1 5 feet long will not generate so much steam in a given time, but will be 
more economical in evaporation than one having tubes 10 feet long. 

Although the fire-box end of smoke-tubes has the greatest evaporative 
efficiency as previously explained, it is sufficiently accurate for most practical 
purposes, for tubes within the limits of 8 to 13 feet in length, to assume 
that evaporative economy is not influenced by the length of smoke-tubes ; 
and also that so long as there is sufficient surface to absorb the available 
heat and transmit it to the water, the evaporative effect is the same whether 
the surface is contained in short smoke-tubes of large diameter, or in long 
tubes of small diameter. 

Diameter and Lengtli of Smoke-Tubes of Steam-Boilers of 
Various Types. — ^The following are good proportions for the diameter and 
length of smoke-tubes for several kinds of boilers : — 

Internal diameter in inches of the tubes of locomotive boilers = length 
of tube in inches divided by 90. 

Internal diameter in inches of the tubes of portable-engine boilers of the 
locomotive type = length of tubes in inches divided by 47. 

Internal diameter in inches of the tubes of 
marine return-tube boilers with natural draught 
= length of tube in inches divided by 27. 
Length of the tube in inches of locomotive 

Tig. 33.-Smoke.tube with boilers = internal diameter of tube in inches. 

■welled end. multiplied by 90. 

Length of the tubes in inches of portable- 
engine boilers of the locomotive t}'pe = internal diameter of the tube in 
inches multiplied by 47. 

Length of the tubes in inches of marine return-tube boilers with natural 
draught = internal diameter of tube in inches multiplied by 27. 

The smoke-tubes of steam-boilers are frequently enlarged slightly at one 
end, as shown in Fig. 33, to facilitate their withdrawal. 
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Reatuig-8iizi!ftC0 of Smoke-Tiibas. — ^The wbole external safface of 
the smoke-tabes of steam-boilers is generally included in calculating their 
heating-surface. The heating-sur^ce of smoke-tubes may be found by this 
Rule:— 

Heating-surface of one tube in square feet = 

Ext ernal diameter of tube in inches x 3*1416 x length of tube in inches 

_ 

For instance, the heating-surface of a smoke-tube of i\ inches external 
diameter, and 6 feet 9 inches long, is =: 3-25 x 3*1416 = 10*21, the cir- 
cumference of the tube x 81 inches length of tube = 827*01 square inches 
-f. 144 = 5743 square feet. 

The heating-surface of smoke-tubes per foot in length is given in the 
following Table : — 

Table 41. — Heating-Surface of the Smoke-Tubes of Steam-Boilbrs» 
IN Square Feet per Foot of the Length of the Tube. 



External Dia- 
ofTabe 
ia inches. 



Heating Surface per 

Fooc in Length in 

Square Feet. 



•2618 
•2945 
•3272 
•3600 
•3926 
"4254 
'45B0 
•4909 
•5236 

•5563 
•5890 
"6217 

•6545 
•6872 
7200 
7540 



External Dia- 


Heating Surface per 


meter of Tube 


Foot u Length in 


in inches. 


Square Feet. * 


3 


7853 


3« 


•8181 


3f 


•8508 


3 


•8835 


3- 


•9163 


3^ 


•9490 


3i 
3l 


•9817 


I-OI44 


4 


1-0472 


4i 
4t 


1*1126 


I1781 


4:: 


1*2362 


5 


1-3680 


6 


i*|7o8 
1*8326 


7 


8 


2*0944 



The heating-surface of a tube from this Table, multiplied by the length of 
tube in feet and by the number of tubes, will give the heating-surface of the 
smoke-tubes of a steam-boiler. 

K«lg]it of SmokA-Tubes of ICarine &etiim-Tiib« Boilerti. — ^The 
top of the top row of the smoke-tubes of marine return-tube boilers should 
not be placed nearer to the top of the shell than at a distance equal to one- 
third the internal diameter of the shell of the boiler, but the distance is 
preferably made equal to the diameter of the shell in inches x '38, in otder 
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to obtain ample depth of water above the smoke-tubes, and also sufficient 
height for the steam to rise tranquilly without priming. 

Tha Space between the Satoke-Tubes of multitubular boilers should 
be sufficient to permit free circulation of the water, and allow the steam to 
rise freely from their surfaces. It may be equal to one-half the external 
diameter of the tube, and should not in any case be less than equal to the 
external diameter of tube x '36. 

The tubes should not be nearer to the shell of a boiler than 3I inches, 
and they should be arranged in horizontal and vertical rows as shown in 

Fig. 34 to facilitate the flow of 

^\r\r\r\ ^\ ^\ /^ /^ /" ^^^ convection currents. They 

0000 OOOUv. should not be spaced zigzag, 

0000 "^OOOO ^ shown in Fig. 35, as this 

0000 '^N/'N^N ^\ ^ arrangement impedes free cir- 

QQ^Q O w V-/ V-/ V. culation and encourages sedi- 

nooo "^ O O O O °*^"^ ^^ ^^^^^ ^^ ^^^ "pp^ 

\J\^\JKJ •v^v^^w^ surface of the tubes. 

'■^iSJkTfSSr "' ^*i2licT?iS^ "" The tubes should be widely 

spaced in boilers using bad 
feed-water. When the tubes are placed very closely together, if the water 
be hard, scale is liable to bridge the space between the tubes and stop the 
circulation of the water. The steaming capacity of boilers is frequently 
impaired by retarded evaporation due to crowded tubes. 

Boiler-Tubes are ii^nred by bad water and inferior coal. The wear of 
smoke-tubes is principally due to the attrition of cinders and small particles 
of coal drawn through the tubes by the draught. The tubes wear very irre- 
gularly. The upper rows of tubes do the most work, as the levity of the 
fuel-gases naturally induces their escape through the upper tubes. The 
top row of tubes frequently wears about 20 per cent, thinner than the 
bottom row. With natural draught the most of the fuel-gases are drawn 
through the tubes nearest to the chinmey, but with artificial draught all the 
tubes should be equally efEective. 

The ThiokneM of Smoke-Tubes of from i^ to 4^ inches diameter 
for steam-boilers may be found by the following rule, in which the working- 
pressure is that above the atmosphere. 

Thickness of the smoke-tubes of steam-boilers, in inches == 

External diameter x working pressure of steam 
C 

Where C is a constant ; C = 4000 for mild-steel tubes. 

C = 3000 for wrought-iron tubes. 
C = 2500 for brass tubes. 
C = 2000 for copper tubes. 

Example i. Required the thickness of wrought-iron smoke-tubes 3} 
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inches external diameter, for a marine return-tube boiler having a working- 
pressure of 150 lbs. per square inch. 

-,. 3*25 inches diameter x 1 5olbs. working-pressure , . , 
Then ^— ^ -^-^ ^-^ = -163 mch, 

or nearly 8 BWG thick. 

Example 2. Required the thickness of the copper-tubes of a locomotive 
boiler, for a working-pressure of steam of 160 lbs. per square inch, the 
external diameter of the tubes being if inch. 

^. I '62 5 inches diameter x 160 lbs. pressure . . 

Then — — = '13 mch. or a little 

more than \ inch thick, or slightly over 1 1 BWG in thickness. 

Smoke-tubes of brass and copper should be solid drawn. 

Smoke-tubes are fixed in their places by expanding and beading over 
the ends, and a ferrule of steel or copper is driven into the fire-box-end of 
the tube to assist in securing the tubes, and to protect their ends from the 
fiercest action of the flames. The effect of beading the tubes is to give 
them great holding power, and to make each tube an effective stay for the 
tube-plates. 

Sjcpaiudon of SmokA-Tubes \is Seat. — ^The linear expansion of 
smoke-tubes is considerable. It may be computed from the Table on 
page 16. For boilers with working-pressures of from 150 to 200 lbs. per 
square inch, the approximate expansion of the smoke-tubes may be simply 
calculated by multiplying the length of the tubes in inches by one of the 
following numbers : — 

Brass smoke-tubes . . '0040 I Mild-steel smoke-tubes . *oo26 
Copper smoke-tubes . • '0036 | Wrought-iron smoke-tubes . -0025 

For instance, in a Locomotive-boiler working with steam of 160 lbs. per 
square inch, having brass tubes 10 feet 8 inches long, the tubes ^11 ex- 
pand, 1 28 inches x '004 = '5 1 2, or a little more than \ inch. This shows that 
it is necessary to provide ample elasticity in the tube-plates of multitubular 
boilers to accommodate the expansion of the tubes. 

Taste for SmokA-Tubes of Wronglit-Zron and SteeL — ^The tensile 
strength of the metal of which boiler smoke-tubes are composed should not 
be less than 25 tons per square inch for wrought-iron tubes, or less than 27 
tons per square inch for mild-steel tubes. The ductility of which, measured 
by elongation, should not be less than 15 per cent. Each tube should be 
subjected to an internal hydraulic test of 500 lbs. per square inch. 

Teste for Brass and Copper Smoke-Tubes. — ^A test-piece, cut from 
a tube of brass or copper, 30 inches long, annealed and filled with rosin, 
should withstand being doubled until the extremities touch each other, 
without showing defects. A piece of tube 30 inches long, not annealed, 
filled with rosin, and placed on supports 20 inches apart, should withstand 
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bending to a deflection of 3 inches without showing defects. A piece of 
tube 4 inches long, annealed and sawn lengthways, should withstand being 
doubled inside out without showing defects. Each tube should be subjected 
to an intemat hydraulic pressure of 400 lbs. per square inch. 

Brass smoke-tubes are frequently composed 
of 70 parts of copper and 30 parts of zinc, 
impurities not exceeding i per cent. 

Stay-TubMiy shown in Fig. 36, are em- 
ployed to support the tube-plates of marine 
36.-stay-tube. rctum-tube boilers, they are generally of the 

same external diameter as the smoke-tubes, 
but are of greater thickness. They are screwed with a fine thread into one 
or both tube-plates and secured by nuts. One end of the stay-tube is 
frequently either thickened or expanded. 

The thickness of stay-tubes of the same external diameter as smoke-tubes, 
may be found by the following rule, in which the working-pressure of the 
steam is that above the atmosphere. 

Thickness of stay-tubes of steam-boilers in inches = 

External diameter x Working-pressure of steam 

C • 

Where C is a constant ; C = 1700 for mild-steel stay-tubes. 

C = 1300 for wrought-iron stay-tubes. 

Example : Required the thickness of wrought-iron stay-tubes 3 J inched 
external diameter, for a marine return-tube boiler having a working-pressure 
of 1 50 lbs. per square inch. 

rr-i 3'25 inches x 150 lbs. pressure • .: . , ,, . , 

Then ~ = -375, or | mch thick. 

1 300 

The number of stay-tubes employed in marine return-tube boilers is 
generally equal to from one-third to one-fourth the number of the smoke-^ 
tubes. The total sectional area of stay-tubes may be computed by the rule 
on page 239. 

BelatiTe Value of TBzioiui fomui of the Hoating-SnxliMo of 
Steam-boilers. — As the steam-generating power of different forms of heat- 
ing-surface varies considerably, it is essential to economical evaporation to 
distribute the heating-surfaces in the best manner to effect rapid and efficient 
absorption of the heat. The heating-surfaces should be arranged so as to 
intercept the radiant heat from the fuel as effectively as possible. The 
heating-surfaces of boilers having the furnace placed inside the boiler, can 
be most favourably arranged for receiving the greatest effect from radiant 
heat. The greater the extent of surface exposed to the direct rays of heat 
from the fuel the greater the evaporative efficiency. The proper distributioD 
of the heating-surfaces is a more important factor in economical evaporation 
than the amount of the heating-surface. 
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The best form of heating-surface, as regards evaporative efficiency, is a 
flat horizontal surface above the fire, or parallel to the surface of the fire, 
such as the top or crown-plate of a locomotive fire-box. Heating-surface 
concave to the fire, such as the crown of a circular furnace, is nearly as 
efficient as a flat surface, and it promotes circulation by facilitating the de- 
scent of cooler water to replace the ascending current. The best position 
for any form of heating-surface is at right angles to the current of the hot 
fael-gases, where it receives the full benefit of radiant heat from the fuel. 

The relative value of different forms of heating-smface, compared with 
flat horizontal surface above the fire, is as follows : — 

One square foot of flat horizontal surface above the fire, such as the 
crown-plate of the fire-box of the boiler of a locomotive- 
engine = I'OO 

One square foot of circular surface above, and concave to, the fire, 
such as the crown-plates of the circular furnace of an 
internally fired boiler = '95 

One square foot of circular surface above, and convex to, the fire, 
such as the furnace-plates of an externally fired plain 
cylindrical or egg-ended boiler = "90 

One square foot of flat surface at right angles to the current of 
gases, exposed to direct impingement of flame, such as the 
fire-box tube-plate of a locomotive boiler . . . . = 'So 

One square foot of water-tube surface at right angles to the current 
of hot gases, such as that portion of the surface of a Gallo- 
way tube which faces the fire = 70- 

One square foot of sloping surface at the side of, and inclined 
towards, the fire, such as the sides of a fire-box when 
inclined sufficiently to facilitate evaporation . . . . = -65 

One square foot of vertical surface at the side of the fire, such as 

the sides of a fire-box when vertical . . . . . = '50 

One square foot of the surface of the tubes of a locomotive boiler, 
contained in a length not exceeding 3 feet from the fire- 
box tube-plate . . . = •30- 

Horizontal surfaces below the fire and the under portions of internally 
heated tubes, have practically no evaporative value, and cannot be con- 
sidered as effective heating-surface, therefore the lower half of a furnace-tube 
below the grate-bars should not be included in calculating the heating- 
surface of a steam-boiler. 

SfliMstlve HeatJng-Sngfluie, — ^The bottom of internally-heated tubes 
for the evs^oration of water, such as boiler- tubes, is not effective in absorb- 
ing and transmitting heat, because the steam-bubbles cannot escape freely 
from its surface. If sufficient motion were imparted to the water to sweei> 
the steam-bubbles from the bottom surface as fast as they formed, all 
the surface of the tube would be equally effective, but as this condition can- 
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not be obtained with natural circulation, only that portion of the tube which 
covers the gases, or the upper semi-diameter, is of any practical value in 
evaporating water to steam. 

If the whole surface of a tube be divided into four portions, and the 
efficiency of the top portion taken as i, and that of the bottom portion as o, 
the value of the side portions will be intermediate between that of the 
top and bottom portions, consequently the efficiency of each of the sides 
will be i, and the average of the whole circmnference is (i -h '5 + '5 
+ o) -£. 4 = I, showing that only one-half the quantity of heat is utilized by 
the whole surface of the tube, which would be utilized if all the surface 
were equally as effective as the top surface. Hence the area of effective 
heating-surface of a boiler-tube or smoke-tube is only one-half the total 
area of its surface. 

The SraporatiTe Power of a Steain-Boiler can only be accurately 
determined by experiment, because it depends on variable conditions, and 
every portion of the heating-surface is not equally effective. 

Evaporative efficiency depends principally upon the proportion of the heat- 
ing-surface to the quantity of coal burnt per hour. A small proportion of 
heating-surface to the quantity of coal burnt results in waste-heat passing 
into the chimney. The evaporative value of the heating-surface of a steam- 
boiler with free circulation of the water, and fired with good coal, when its 
arrangement and proportions are within the limits of, and according to, 
modem practice in boiler-making, may be calculated approximately by the 
following formula: — 

Let H =: the total heating-surface of the steam-boiler in square feet. 
W == the weight [of coal in pounds burnt on the fire-grate of the 

boiler in one hour. 
P = the theoretical calorific power of the coal burnt, or the total 

heat of combustion of one pound of dry coal, in pounds of 

water evaporated from and at 212® Fahr. 
E = the estimated evaporative power of the boiler, in pounds of 

water, evaporated per pound of fuel from and at 212^ Fahr. 

^ == W X C -h H ^ ^• 

In which C is a constant, deduced from experiments with good boilers, 
iKrhich varies for each class of steam-boiler as follows : — 

C = '40 for Galloway boilers. 

C = '42 for locomotive boilers, burning coal. 

C =: '45 for Lancashire boilers. 

C = '50 for marine return-tube boilers. 

C = '65 for Cornish boilers. 

C = -90 for externally-fired plain cylindrical boilers. 

C = i-6o for boilers of portable engines of the ordinary locomotive type* 
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All these constants refer to boilers with natural draught, except the 
locomotive and portable-engine boilers which have exhaust-steam blast in 
the chimney, applied in the usual manner. 

Example 1. — Required the evaporative power of a Lancashire boiler 
which burnt 540 lbs. of coal on the fire-grates in one hour; the theoretit:al 
evaporative value of i lb. of the coal from and at 212^ Fahr. is 14 lbs. of 
water ; the total heating-surface of the boiler is 920 square feet ? 

Then 540 lbs. of coal x '45 constant = 243 -|- 920 square feet == 11^3, 
and 920 -T- 1 163 = 79 X 14 lbs. = 11 '06 lbs. of water evaporated by the 
boiler per lb. of coal from and at 212° Fahr., the estimated evaporative 
power of this boiler. 

Example 2. — Required the evaporative power of a portable-engine boiler 
which consumed 34 lbs of coal on its fire-grate in one hour, the theoretical 
evaporative power of i lb. of the coal from and at 212^ Fahr. is 15*4 lbs. ; 
the total heating-surface of the boiler is 216 square feet? 

Then 34 lbs. of coal x i'6 constant = 54-4 -|- 216 = 270*4 and 216 
^ 270*4 = *8 X 15*3 lbs. = 12*24 lbs. of water evaporated by the boiler 
from and at 212^ per lb. of coal, the estimated evaporative power of this 
boiler. 

Sfltetonoj of the Heatiiig-Siix&oe of Steau-Boileni. — Tht 
efficiency of the heating-surface of a steanh-boiler is the ratio of the 
quantity of the heat transmitted to the total quantity available for trans- 
mission. The evaporative efficiency of steam-boilers may be calculated 
approximately by the following formula, in which the notation is the same 
as that in the previous formula :~^ 

Estimated evaporative efficiency of the heating-surface of a steam-boilers 

H 
W X C -I- H* 

Example. — Required the efficiency of a marine return-tube steam-boiler 
which consumed 300 poimds of coal on its fire-grate in one hour; the 
total heating-surface of the boiler is 435 square feet. 

Then 300 lbs. of coal x "50 constant = 150 lbs. -1-435 square feet = 
585, and 435 -r- 585 = '74, the estimated efficiency of this boiler. 

These rules give the effect or value of the heating-surface of steam- 
boilers frequently obtained in practice under ordinary working conditions 
with ordinary draught. 

When air is forced under pressure into the furnace of the boiler by any 
efficient arrangement of forced draught the evaporation may be increased 
from 20 to 50 per cent. 

BfieieiM^ of Steam-boilers. — The efficiency of a steam-boiler is repre-. 
sented by the following expression : — 

^^ . c ^ u -1 Heat absorbed by the water 

Efficiency of steam-boiler = ^ ^ . — -. . -f . . . . 

' . Heat developed by the fuel 
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Example, — Required the eflSciency of a boiler which evaporated %\ 
pounds of water per pound of coal from feed-water at 102^ Fahr. ; tem- 
perature of the steam in the boiler 367° Fahn ; calorific value of the coal 
used i4i50o units per pound ? 

Then the total heat of the steam is = (367° x -305) + io8a = 1194 
units per pound. 

The factor of evaporation is = 

• ( 1194 units -h 32) — 102^ temperature of feed-water _ ^^ 

966 " ^' 

The equivalent weight of water evaporated per pound of coal from and 
at 212° Fahr. is = 8*5 lbs. of water x i*i63 = 9*885 pounds. 

The equivalent amount of heat utilised per pound of coal is ss 9*885 IbSi. 
of water x 966 units = 9549 Thermal units. 

The efficiency of the boiler is = 

9549 units of heat absorbed by the water ^ .^ g ^^ - ^^ 

14500 units of heat developed by the coal / r ■> 

showing that the heat utilized in this boiler is only 66 per cent, of the 
calorific value of the coal used. 

Tha Effioidnoy of Steam-boilers of various kinds under ordinary 
working-conditions may be estimated approximately by the following 
formula, applicable in a general way to all types of internally-fired boilers. 

Let R :s the ratio of the heating-surface to the coal consumption, or the 
number of square feet of heating-surface, of the boiler per pound of coal 
consumed per hour. 

R 

Efficiency of a steam-boiler = -; 

Example. — Required the efficiency of a steam-boiler consuming 550 
pounds of coal per hour, having a total heating-surface of iioo square 
feet? 

Then the ratio of the heating surface to the coal consiunption is 

1100 -f- 550 = 2, and = 74, the efficiency of the boiler, or the 

percentage of the available heat actually utilized in the production of steam. 

When an economiser, or feed-water heater, is placed between the boiler and 
the chimney, heated by the products of combustion, its heating-surface may be 
included with that of the boiler and the efficiency of the boiler and econo- 
miser may be estimated by this rule. 

The Area of Hoating-siir&ca for a Givea IMcrimiqr and given 
ratio of heating-surface to coal-consumption may be calculated approximately 
by adapting the previous formula as follows : — 

Area of heating-surface of a steam-boiler in square feet = 

^R 4- -7) X efficiency x coal consumption. 
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Example. — Required the heating-surface of a steam-boiler necessary to 
secure an efficiency of 77 per cent, with a consumption of 600 pounds of 
coal per hour, allowing 2*25 square feet of heating-surface per pound of 
coal burnt per hour ? 

Then, (2-25 + 7) x 77 x 600 lbs. of coal = 1363 square feet of 
heajdng-surface. 

CfclcmlatiffiM of tlie Bfieieniqr of the heatiqg-surface of steam-boilers 
are frequently made hy Rankine's formula, which is as follows : — 

E' B X S 
Efficiency of headng-surface = = = 



E S -h A F- 

Where £' = the available, and E = the theoretical evaporaUve power of 
one pound of a given kind of fuel in an ordinary boiler, Jn which S = the 
total area of heating-surface per square foot of fire-grate surface, including 
that of the feed-water heater^ if one be used ; and F = the number of 
pounds of fuel burnt per square foot of fire-grate per hour. A and B are 
constants found by experience. A is probably approximately proportionate 
to the square of the quantity of air in lbs. supplied per pound of fuel. B 
is a fractional multiplier to allow for miscellaneous losses of heat. 

Example, — ^Required the efficiency of the heating-surface of a steam- 
boiler with natural draught in which 10 pounds of coal are burnt per square 
foot of fire-grate surface per hour ? The heating-surface is 28 times that of 
the fire-grate surface, or a ratio of 28 to i ? 

Then, taking A as = '5, and B = '9, the efficiency is = 

28 X '9 



21 + (12 X "5) 
= 74 per cent. 

This formula admits of the following adaptations : — 

Thm Aroa of Soatiiig-siixftca Bequired finr a GiTea 'EMo&nnffj 
of Ifoating-gqrfhce may be found by the following rules : — 

• Efficiency of the heating-surfaces of a steam-boiler E=: 

B 



E = 



I -I- (A X R)' 



In which R represents the ratio of the weight of fuel burnt to the area of 
the heating-surface, found as follows : — 

« _ lbs, of fuel burnt per square foot of fire-grate surface per hour 
'^ No. of square feet of heating-surface per square foot of fire-grate' 

or K = v= . 

E X A 

The number of times the area of the heating-surface exceeds that of the 
fire-grate S, is as follows: — 
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Q _ weight of fuel burnt per square foot of fire-grate surface per hour 

b g , 

' Q _ l bs, of fuel burnt per square foot of fire-grate surface per hour 
(B - E) -=- (E X A) 

The values of the constants A and B may in a general way be as follows :-* 

ValiM Yalne 
ofA. ofB. 

Boilers of highest eflBiciency with natural draught . . . •$ '95 

Boilers of ordinary efficiency with natural draught . . . '5 'Sci 

Boilers of highest efficiency with forced draught . . . *3 '97 

Boilers of ordinary efficiency with forced daught • • • '3 '^7 

As an example of these rules, take the case of a steam-boiler in which the 
coal-consumption, with natural draught, is 14 pounds per square foot of 
fire-grate surface per hour, and the heating-surface is 25 times that of the 
fire-grate surface or a surface-ratio of 25 to i. 

Then, taking values of the constants A and B respectivelyat '$ and '80 : — 

The ratio, R, is = ^ = -56, 

-D '80 — '625 _, 

or R = -7 ^ = '56. 

•025 X "5 

The efficiency of the heating-surface, E, is = 

E = •gQco'^stant ^ .^ ^^^^ 

I -h C5 X -56) 

The number of times the area of the heating-surface exceeds that of the 

fire-grate is = 

g _ 14 lbs. _ 

c 14 lbs. of coal per square foot of fire-gra te surface _ ,_ 
"S (-80 - -625) -i- (-615 X -5) '5. 

That is, the ratio of the grate-surface to the heating-surface is as i to 25* 
The Area of Keating-Surface of a Steam-Boiler required for a 
given efficiency may be calculated by the previous formula, as shown by 
the following example: — 

Example : Required the heating-surface suitable for a steam-boiler to con- 
sume 600 lbs. of coal on its fire-grate per hour, at the rate of 16 lbs. per 
square foot of fire-grate surface per hour, for an efficiency of 80 per cent. 

(Pounds of fuel burnt per square foot of fire-N 
grate surface per hour /= ratio 

(Number of square feet of heating-surface\ 
per square foot of fire-grate surface / 

and the ratio is = ^ = -i 

'5 - -5 
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Showing that the best ratio of heating-surface to the fire-grate surface of this 
boiler is equal to '5 -s- '2 = 2-5, or two and one-half times the number of 
lbs. of coal burnt per square foot of fire-grate surface per hour, or a ratio 
of 16 lbs. of coal X 25 = 40 to I. If 20 per cent, be allowed for 
imperfect combustion, the quantity of coal burnt per hour is 600 x i'2 = 
720 lbs. ; the area of the fire-grate required is 720 -f- 16 lbs. = 45 square feet ; 
and the area of the heating-surface is 45 square feet x 40 ratio = 1800 
square feet. 

The Area of Keating-SiirliMM provided in different Tjym of 
Steam-Boileniy per indicated horse-power developed by good engines, in 
regular work, under ordinary working conditions, averages in practice as 
follows : — 



Docriptioo of Steam- Boiler. 

Boilers of torpedo-boats, modified locomotive type 
Boilers of yacht engines, locomotive type 

Locomotive-engine boilers 

Locomotive type of boiler, driving stationary engines 
.Marine boilers, modified locomotive type . 

Coil-boilers 

Marine return-tube boilers 



do. 


do. 


do. 


<lo. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 



do. 



do. 



do. 



for small steamers 
for quadruple-expansion engines 
average of a large number 
for triple-expansion engines . 
for triple-expansion engines of 

cargo vessels 
for double-expansion engines 
Marine multitubular boilers with tubes in line with furnace 
Multitubular boilers, average of a number of various kinds 

I^ncashire boilers 

Cornish boilers 

Plain cylindrical, or egg-ended, boilers 

Water-tube boilers of various types 

for non-condensing engines average . . 
for compound condensing engines 

average 

Babcock and Wilcox 

De Naeyer's 

Root's 6- 50 

on Root's principle average . 640 

Harrison's 6-25 

with vertical tubes, average . . .8*00 
Horizontal externally-fired cylindrical multitubular boilers . 7*00 
Vertical cross-tube boilers 1000 

S.B.C. 



Square feet of Heating- 
fturface per indicated 
Hone-power. 

1*4 to 1*85 
1*5 „ 2-00 

1*6 „ 200 

2*6 „ 4'00 
3-00 

2'6 „ 280 

3-25 
330 



do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 


do. 



27 

275 

4-00 
5*00 
5'oo 

lO'OO 

600 
7*oo 
7'oo 



3'6o 

4'0O 
3-00 

3'5o 
425 
5-50 
7-50 
ir6o 
II 00 

8-00 
11*50 

lO'OO 

960 
8-00 
9-50 

lO'OO 

1 1 00 
1200 
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Square feet of Heaiing- 
Deacriptioa o( Sceam>BoiIer. suHare per indicated 

Horke-power. 

Horizontal intemally-fired cylindrical multitubular boilers . 900 to 1400 
Portable-engine boilers, ordinary locomotive type . ii'oo „ i6'oo 
Vertical tubular boilers 1400 „ 1600 

All these boilers have natural draught, except those of the locomotive 
type, which have exhaust steam-blast in the chimney. 

In marine return-tube boilers having combustion with forced draught, 
the area of heating-surface provided in practice ranges from 1*75 to 2*5 
per square feet intlicated horse-power developed by triple-expansion engines. 
It may, in a general way, be averaged at 2 square feet. 

The Qwuititj of Water per Square Foot of Keating-SurfSMe 
provided in practice in different types of steam-boilers varies considerably- 
It averages as follows : — 

, Quantity of Water 

per square foot of 
Description of Steam- Bmler. H eating-sur&ce. 

Cubic feet s lbs. 

Plain cylindrical, or egg-ended, boilers .... 1-50 = 93-60 

Cornish boilers '57 = 35*5^ 

Lancashire boilers . . .'54 = 33*69 

Galloway boilers 47 = 2932 

Marine return-tube boilers 44 = 27*45 

Vertical cross tube boilers 24 = 14*97 

Stationary horizontal cylindrical multitubular boilers . . *2o = 12*48 

Vertical tubular boilers -16= 9*98 

Locomotive-engine boilers •12= 7*49 

Portable-engine boilers, ordinary locomotive type . . . *io = 624 

Water-tube boilers, Babcock and Wilcock . . . *i5 = 9'8o 

do. do. average of a number of difiFerent kinds. '11= 6*86 

do. do. Root's improved -13 = 8*12 

do. do. De Naeyer's -096 = 6*oo 

do. do. on Root's principle, by different makers, 

average *o8 = 5*cx> 

do. do. Harrison's *o6 = 374 

Steam fire-engine boilers -06 = 3*74. 

Water-tube boilers composed of rows of wrought-iron tubes 

of 3 inches diameter and under, average . . . '05 = 3*12 

It will be seen that the quantity of water contained in water-tube boilers 
in proportion to the heating-surface, is very small compared with other types 
of stationary boilers. 

Water-Snrfkoe of Steam-Boilers. — ^The water-surface, or area 
of the working water-level of steam-boilers, should be sufficiently large 
to permit tranquil release of the steam, in order to obtain a steady and 
ample supply of dr>' steam without inducing priming. When the area 
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of the water-level is deficient, the steam is released more or less violentlyr 
from the water, which results in priming and a supply of wet steam. 

The water-surface at the working-level of a steam-boiler may be 
reduced as the pressure of the steam is increased, because the steam- 
bubbles decrease in size as the pressure of the steam is increased. There- 
fore, engines using high rates of expansion, and consequently steam of very 
high pressure, such as triple-expansion and quadruple-expansion engines, 
may be worked with smaller boilers than those using steam of lower 
pressure. 

The area of the working water-level of marine retum-tube-boilers re- 
quired for the evaporation of water to steam of any pressure between 50 
and 260 lbs. per square inch, may be found by the following formula, in 
which the pressure of the steam is that shown by the steam-gauge, or above 
the atmosphere : — 

Water-surface at the working water-level of a marine retum-tube-boiler in 
square feet = 

- — — — X indicated horse-power of engine, 
y workmg-pressure of boiler 

For boilers of modified locomotive type, use a constant of 2 instead of 26. 

This Rule may be illustrated by calculating the water - surf ace 
required for marine-retum-tube-boilers to supply steam for three different 
types of engines, each of 1000 indicated horse-power, viz., steam of 90 
lbs. i>er square inch for double-expansion engines, of 150 lbs. per square 
inch for triple-expansion engines, and of 180 lbs. per square inch for quad- 
ruple-expansion engines. 

2*6 

Then = 26 -f- 9-486 = 274 x 1000 = 274 square feet, the area 

V90 

of working water-level required for the boiler to supply steam for the double- 
expansion engines, and ^ — -= 2'6 -f- 12*247 = '212 x 1000 = 212 
square feet, the area of working water-level required for a boiler to supply 

2'6 

steam for the triple-expansion engines, and — — q = 2'6 -f- 13*416 = 

^ 1 00 

•194 X 1000 =194 square feet, the area of working water-level required 
for a boiler to supply steam for the quadruple-expansion engines. 

The area of water-level would, in each case for convenience of size, be 
divided between t^'O boilers. 

The water-surface of a steam-boiler should be maintained at as 
nearly uniform a working-level as possible, by proper regulation of the feed- 
supply, which should be continuous and not intermittent. 

Height of the Water-Level of Steam-Boilers. — The working 
water-level of steam-boilers should be as high as permissible. A high 
Mater-level produces a more uniform temperature throughout the boiler and 

L 2 
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a steadier supply of steam than a low water-level, because the larger volume of 
water stores more heat, and the temperature of the boiler is less influenced by 
the cooling effect of the feed-water than it is with the smaller volume of water. 

The working water-level of cylindrical steam-boilers is, on an average, 
placed at a distance from the top of the shell equal to one-fourth the 
internal diameter of the boiler. 

The working water-level of Cornish and Lancashire boilers is generally 
9 inches above the crowns of the furnace-tubes, and the low water-line is 4 
inches above the furnace-crowns. 

The working water-level of marine return-tube-boilers is generally 10 
inches above the top of the combustion-chambers. 

Capaoitj of the Steam-Space of Staam-Boilers. — ^The steam-space 
of cylindrical steam-boilers should be sufficiently high to permit efficient 
separation from the steam of water carried with it from the evaporating 
surface. The capacity of the steam-space is frequently equal to one-fourth 
the capacity of the shell of the boiler, without deduction for space occupied 
by the tubes or fire-box. 

The steam-space required for a steam-boiler reduces as the steam- 
pressure increases, because it depends upon the volume of steam, which 
reduces as the pressure increases. For instance, the volume of steam of 
1 50 lbs. per square inch absolute pressure is three cubic feet per lb., or 
only one-half that of steam of 69 lbs. per square inch absolute pressure, of 
which the volume is six cubic feet per lb. 

The capacity of the steam-space provided in boilers for different types of 
engines, averages in practice as follows : — 

Capacity of Steam-space 
per Indicated Horse- 
Description of Steam-boiler. powrtrot the Engine 

Cubic foot. 

Steam-boilers for locomotive engines 06 to 08 

Steam-boilers of modified locomotive type . 25 to 33 

Cylindrical steam-boilers for quadruple-expansion engines . . 30 to '50 

do. do. for triple-expansion engines "40 to "60 

do. do. for double-expansion engines . . 50 to 70 

do. do. for simple engines . . . -60 to 'So 

S-eam-boilers of locomotive t)rpe for simple portable-engines . 70 to '90 

The ratio of the capacity of the steam-space of cylindrical steam-boilers 
to that of the high-pressure cylinder of double, triple, and quadruple- 
expansion engines ranges from 50 to 140 to i, or it is = (diameter of high- 
pressure cylinder in inches * x 7854 x length of stroke in inches) ^ 1 728, 
and the quotient x 50 to 140. 

The ratio of the capacity of the steam-space of the boiler of a simple 
locomotive engine to the sum of the capacities of its two cylinders, is, on an 
average, equal to 6^ to i. 

The capacity of the steam-space is sometimes equal to the volume 
of steam consumed by the engine during 20 seconds, or one-third of a 
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minute. For instance, the steam-space of a boiler for an engine with a 
cylinder 23 inches diameter, 42 inches length of stroke, making 65 
revolutions per minute, and cutting off steam at '6 of the stroke, is = 

23 X 23 inches x -7854 x 4 2 inche s x '6 x 2 x 65 revolutiors j^ _ 

262 cubic feet of steam-space. 

It was found in some experiments with marine-boilers having a working- 
pressure of less than 50 lbs. per square inch, that, when the capacity 
of the steam-space was only equal to the volume of steam consumed 
by the engine during twelve seconds, a considerable quantity of water was 
carried mechanically with the steam, and that when the steam-space 
contained sufficient steam to run the engine for 1 5 seconds no water was 
carried into the cylinders, and that boilers containing steam sufficient to run 
the engine for 20 seconds never gave trouble from wet steam. 

The Capacity of the Steam-spaoe per square foot of the Total 
Heating Snr&ce of a Boiler, provided in practice for different types of 
steam-boilers, averages as follows : — 

Capacity of Steam-space 
per square foot of till aJ 
l>e«:ription of Steam-boOer. Heating-suKace. 

Cubic foot. 

Harrison's water-tube boiler 023 

Water-tube boilers on Root's principle average .... 043 

Root's water-tube boiler, improved 108 

De Naeyer's water-tube boilers 052 

Locomotive-engine boilers -053 

Water-tube boilers, average of a number of different kinds -070 

Stationary multitubular boilers, locomotive type. 083 

Marine return-tube boilers for quadruple-expansion engines . -085 

Babcock and Wilcox water-tube boilers '09 1 

Marine return-tube boilers for triple-expansion engines • ' ^ ^ 5 

Marine boilers of modified locomotive type -135 

Marine return-tube boilers for high-speed double-expansion engines. *i6o 

The Galloway boiler .175 

Marine return-tube boilers for low-speed double-expansion engines . 200 

Lancashire boilers for pressure of steam up to 200 lbs. per sq. inch . '21a 

Cornish boilers for pressure of steam above 120 lbs. per sq. inch . . '240 
Stationary horizontal multitubular cylindrical boilers . .250 

Cornish boilers for pressure of steam up to 100 lbs per sq. inch . . '260 

Lancashire boilers for pressure of steam up to 100 lbs. per sq. inch . '3cx> 

When the capacity of the steam-space of a boiler is deficient, it conlucea 
to priming, and results in an unsteady supply of steam containing more or 
less moisture. 

OaUowaj-C one-Tabes. — The heating surface is increased, the circula- 
tion improved, and the temperature throughout the boiler is rendered more 
uniform, by placing Galloway-cone-tubes in the furnace-tubes of Cornish 
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and Lancashire boilers, as shown in Fig. 37. The comparatively cool 
water entering at the bottom of a Galloway-cone-tube from the water-space 
below it, is heated and partially evaporated in the tube, and, being lighter 
than the water outside the tube, an upward current of water and steam is 
created, which flows out at the top of the tube into 
^<^^fejj^ the water-space above it. 

^ffer^^B^^^ '^he internal diameter of Galloway-tubes is 10^ 

^^^^;^^^^||^^^ inches at the top, and 5^ inches at the bottom ; 
^^Bt^-^^^^^^^K the top flange is 16 inches diameter, and the bottom 
^^^^K^^^^j^^^l flange is 10^ inches diameter. For a steam-pressure 
^^^^^t^-^:^^^^V of 100 lbs. per square inch, a cone-tube 37I inches 
^Vyj^Bj^,^,^|^F long is y^^ inch thick, and weighs 136 lbs. ; and a 

^i^^^^^j^ cone-tube 34I inches long is f inch thick, and 

p. weighs 123 lbs. The sectional area of the top of 

Gaiioway<one-iube$. the conc-tubc is = 86*59 squarc inches area -f- 

2376 square inches area = 3*64 times as great as 

that of the bottom. The tubes being so much wider at the top than the 

bottom there is room for free movement of the convection-currents, and 

their shape favours circulation. Parallel tubes should not be employed 

for this purpose. 

Galloway-cone-tubes are best placed at the back-end of the furnace-tubes 
of Cornish and Lancashire boilers, and at a considerable distance from the 
fire, otherwise they are liable to obstruct free development of flame and 
impede the combustion of the fuel-gases. When placed too near the fire- 
bridge, they lower the temperature of the fuel-gases before combustion is 
complete, which results in a quantity of unconsumed carbon being 
deposited in the form of soot in the furnace-tubes. For this reason, it is 
not conducive to economy to crowd furnace-tubes with water-tubes. 

Only a few cone-tubes should be employed, and the first tube should not 
be placed nearer to the fire-bridge than 6 feet when the boiler is fired with 
coal depositing little soot, or nearer than 10 feet when the coal is of a very 
smoky nature. The first cone-tube may be placed vertically in a belt of 
the plates, and the remainder of the tubes placed in consecutive belts, fixed 
right and left alternately at an angle of 30 degrees. 

The evaporative efficiency of Galloway-cone-tubes is greatest where com- 
bustion is most complete on the fire-grate, and little unbumt soot-laden fuel- 
gases pass beyond the fire-bridge. In boilers using coal producing much 
smoke, the surfaces of the cone-tubes may become so thickly coated with 
soot as to render them of little effect in increasing the evaporative efficiency 
of a boiler. 

Fire-Orate of Steam-Boilers. — The function of a fire-grate is to 
support the fuel and provide access of air to it to effect combustion. The 
length of the fire-grate is in some cases as great as 7 feet, but it is prefer- 
ably limited to 6 feet, that being the greatest length of fire that can be 
readily worked by a stoker. Grates of these lengths cannot, however, be 
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efiScienily fired, and in order to enable the fire to be properly stoked to effect 
economical combustion, the length of the fire-grate should not in ordinary 
cases exceed 4 feet 6 inches, or 5 feet as a maximum in special cases. 

As a short fire-grate is more economical than a long one, the grate 
should not be longer than necessary to bum the required quantity of fuel 
per hour. The width of the fire-grate is limited by the diameter of the 
furnace-tube in internally-fired boilers, and by the diameter of the shell in 
externally-fired boilers. 




Fig. 38. — FtrC'gFate of a steam-boiler. 



Sufficient space should be provided above ihe fire-grate to allow the 
fire to be easily worked, and to secure proper mixture of the gases, and 
also to present as much surface as possible for absorbing radiant heat frohi* 
the fuel. The higher the rate of combustion the greater should the com- 
bustion space be. The fire-grate of internally-fired boilers is frequently 
inclined, or sloped downwards from the front to the back, as shown in 
Fig. 38, at the rate of from ^ to i J inches per foot in length of the grate. 
This arrangement facilitates the stoking of the back of the fire, and gives 
more room in the furnace than when the fire-grate is level. 

Area of Fire-Orate Snr&ce of Steam-Boilers. — The area of fire- 
grate surface required for a steam-boiler depends upon the extent of the 
heating-surface and the strength of the draught; and it is inseparably 
connected with the character and quality of the fuel used. Small coal 
requires a large area of grate-surface, and very small coal and coal-refuse 
may be successfully burnt as fuel for steam-boilers if a large single fire- 
grate be provided. The size of the fire-grate should be proportioned to the 
nature and size of the pieces of fuel, and the quantity of clinker and ash 
yielded by its combustion. To bum a given quantity of coal, a larger fire- 
grate is required with a light draught than with a strong draught. If the 
area of fire-grate be excessive, it results in a slow draught through the fuel. 

The area of fire-grate is determined principally by the quantity of fuel 
to be burnt on each square foot of fire-grate surface per hour. For 
instance, to bum 420 lbs. of coal per hour, at the rate of 14 lbs. per 
square foot of fire-grate surface per hour, requires 420-5-14 = 30 square 
feet of fire-grate surface. 

The area of fire-grate is frequently limited by practical considerations, 
but the fire-grate and heating-surfaces should be so proportioned to each 
other that the products of combustion leave the boiler at the lowest 
practicable temperature. 
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When the area of the fire-grate is excessive in proportion to the heating- 
surface, a proper rate of combustion cannot be maintained without the 
escape of waste heat to the chimney, the heating-surface being insufficient 
to absorb and transmit it to the water. 

Fire-grates are frequently made too large for economical combustion. 
In one case, a fire-grate having a ratio of i to 25 feet of heating-surface 
was altered to a ratio of i to 37, which resulted in reducing the tempera- 
ture of the escaping fuel-gases considerably, and a saving of 12 per cent, in 
fuel was effected with the same rate of combustion, without impairing the 
evaporative efficiency of the boiler. 

The Area of Fire-Orate required for the combustion, at a given rate, 
of a given quantity of coal per indicated horse-power of an engine per hour, 
may be calculated by dividing the coal-consumption per indicated horse- 
power per hour by the rate of combustion. 

For instance, if 16 lbs. of coal be consumed per square foot of fire- 
grate surface per hour, and i^ lbs. of coal be consumed per indicated 
horse-power per hour, the area of fire-grate surface required for the boiler 
of an engine of 500 indicated horse-power, is = 1*5 lbs. -r- 16 = '0937 x 
500 =46*85 square feet. 

The area of fire-grate required for various rates of combustion and 
consumption is given in Table 42. 

The Area of Fire-Grate SnrfiMe provided in Steam-Boilers per 
Indicated Korse-Fower developed by good steam-engines, averages in 
practice as follows : — 

Square foot of Fire-gtate 
Description of Boiler. surface per Indicated 

Horse-povrer. 

Boilers of locomotive-engines '02 1 to '034 

Boilers of yacht-engines, locomotive type "035 to -040 

Marine-boilers of modified locomotive type .... 050 to '070 

Marine return-tube boilers of armour-plated warships . . '050 to -070 

Coil-boilers -050 to '083 

Marine return-tube boilers of Atlantic-racing steamers with 

triple-expansion-engines '083 

Marine return-tube boilers of navy dispatch boats . . 065 to '095 

Marine return-tube boilers for triple-expansion engines . . -080 to * 100 

Boilers of torpedo boats, modified locomotive type . 'loo to '125 

Marine return-tube boilers for double-expansion engines . . •09010*140 
Marine return-tube boilers, average of a large number of 

boilers -120 

Lancashire boilers -lOO to '165 

Water-tube boilers of various kinds 130 to -230 

Water-tube boilers for non-condensing engines, average of a 

number of different kinds -220 

Water-tube boilers for double-expansion condensing engines, 

average of a number of different kinds . '160 
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DeacriptioQ of Boiler. 



Cornish boilers ........ 

Plain cylindrical or egg-ended boilers .... 

Horizontal internally-fired cylindrical multitubular boilers 
Portable-engine boilers, locomotive type .... 

Vertical tubular-boilers 

All these boilers have natural draught, except those of the locomotive 
type, which have exhaust steam-blast in the chimney. 



Square foot of Fire-grate 
surface per Indicated 
Horse-power. 

. . '130 to 210 

. -150 to "240 

•200 to "270 

•250 to '280 

•300 to "510 



Tablk 42. — ^Arra of Firk-grate Surface required for a Steam-Boii.er 
PER Indicated Horse-Power of the Engine for different 
Rates of Combustion and Consumption. 







Rate 0' Com-, 


' 1 


1 " 




bu*tion per 

square foot o('\ 

Vire-Gfate 

Surface per 1 

Hourm ' 


Pounds. 


Pounds. 


Pounds. 


Pounds. 
2 


Pounds. 


Pounds. 

4 



pounds. 



30 
40 
50 
60 
70 
80 
90 
100 



Square Foot of Fire-grate Surface required p-r Indicated Horse-power of th? 
Engine for a Steam Boiler vrith Natural Draughts. 





Square foot. 


Square foot. 


Square foot. 


Square foot. 


Square fool. 


Square foot. 


12 


•1040 


•1250 


•1458 


•1666 


•1874 


•2082 


13 


•0960 


•II52 


•1346 


•1538 


•1730 


•1922 


14 


■ -0892 


•1071 


•1250 


•1428 


•1607 


•1785 


15 


•0833 


•1000 


•1166 


•1333 


•1500 


•1666 


16 


•0781 


•0937 


•1093 


•1250 


•1406 


•1562 ! 


17 


•0735 


•0882 


•1029 


•II76 


•1323 


•1500 ' 


18 


•0694 


•0833 


•0972 


•nil 


•1250 


•1333 i 


19 


•0657 


•0789 


•0921 


•1052 


•1183 


•i3'6 


30 


•0625 


•0750 


•0875 


•1000 


•1125 


•1250 


21 


. -0595 


•0714 


•0833 


•0952 


•1071 


•1190 


22 


•0522 


•0681 


•0795 


•0909 


•1022 


•1136 


»3 


•0543 


•0652 


•0760 


•0869 


•0978 


•1087 


24 


•0520 


•0625 


•0729 


•0833 


•0937 


1041 


25 


•0500 


'o6cx) 


'O7OO 


•0800 


•0900 


•icoo 


26 


•0480 


•0576 


•0673 


•0769 


•0865 


•0961 



For Steam Boilers with Forced Draught. 



•0416 
•0312 
•0250 
•0208 



•0500 

•0375 
•0300 
•0250 



•0178 i '02X4 
•0156 '0187 



•0139 



•oi66 



0125 ■• '0150 



•0583 


•0666 


•0750 ; 


•0437 


•0500 


•0562 


•0350 


•0400 


•0450 


.0291 


•0333 


•0375 : 


•0250 


•0285 


•0321 j 


•0218 


•0250 


•0281 




•0194 


-0222 


•0250 




•0175 


•0200 


•0225 





•0833 

•0625 

•050CJ 
•0416 

•0357 

•0312 

•0277 
•0250 
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Power of Kre-Oratas.— It will be seen from the Table on pages 152 
and 153 that the power developed per square foot of fire-grate surface varies 
considerably in different types of boilers with natural draught. The power 
developed by return-tube boilers of warships is = i square foot of fire-grate -f- 
•05 = 20 indicated horse-power per square foot of fire-grate surface per hour. 

The average power developed on voyage by a large number of marine 
return-tube boilers was = i square foot of fire-grate -=- '12 = 8-34 
indicated horse-power per square foot of fire-grate surface per hour. 

Marine return-tube boilers of triple-expansion engines develop at least 
one indicated horse-power from ^ square foot of fire-grate = i square 
foot -5- -10= 10 indicated horse-power per square foot of fire-grate, and 
require 1000 -f- 10 = 100 square feet of fire-grate surface for the de- 
velopment of 1000 indicated horse-power per hour, in constant work on 
^•oyage. 

Return-tube boilers of Atlantic racing steamers develop, i square foot -7- 
•083 = 12 indicated horse-power per square foot of fire-grate surface, which 
is probably the highest power obtainable in constant work in this type of 
boiler with natural draught and a funnel of ordinary height. 

Lancashire-boilers frequently develop under ordinary working conditions i 
square fool -^11 = 9 indicated horse-power per square foot of fire-grate 
.surface per hour, and require for the development of 300 indicated horse- 
power per hour, 300 -=- 9 = 33 square feet of fire-grate surface. 

In marine return-tube boilers having combustion with forced draught, the 
area of fire-grate surface per indicated horse-power is from "038 to '065 
square foot. It probably averages '045 square foot. 

Marine return-tube boilers having combustion with well-arranged forced 
draught develop, i square foot -r- "045 = 2 2' 2 indicated horse-power per 
square foot of fire-grate surface per hour, and require for the development 
of 1000 horse-power per hour only 1000 -r- 22*2 = 45 square feet of fire- 
grate surface. 

Tlio Area of Fire-Orate Bequired for a Given Bvaporation in 
a Steam-Boiler may be found by dividing the weight of steam used by 
an engine by the given evaporation in pounds per square foot of fire-grate 
surface per hour. If, for instance, an engine of 250 indicated horse-power 
uses 20 lbs. of steam per indicated horse-power per hour, and the con- 
sumption of coal per square foot of fire-grate surface per hour is required 
to be 18 lbs., and S\ lbs. of water are to be evaporated per lb. of coal. 

Then, the evaporation is = 18 x 85= 153 lbs. of water per square 
foot of fire-grate surface per hour. The weight of steam used by the engine 
is = 250 indicated horse-power x 20 lbs. of steam = 5CXX) lbs. per hour : 
and 5000 lbs. -^153 lbs. = 32*69 square feet of fire-grate surface are 
required for this boiler. 

The Batio of Fire-Orate SnriSftoe to Heating-SnifSftoe varies con- 
siderably in different types of steam-boilers, because certain proportions are 
necessary to obtain the maximum useful effect. The heating-surface per 



FIRE-BARS OF STEAM-BOILERS. ISS 

square foot of fire-grate area ranges in different types of steam-boilers from 
25 to 70 square feet. 

The proportion of fire-grate surface to heating-surface averages as follows 
in practice : — 

Ratio of Fire-cimle 
Description of Boiler. surface to Heat? 

inf surface. 

Marine return-tube boilers it ^o tV 

Marine return-tube boilers, average of a large number of 

boilers ^ 

Lancashire-boilers ^i_ to ^ 

Lancashire-boilers, average of a large number of boilers . ^ 

Cornish-boilers tV ^^ V* 

Boilers of modified locomotive type xff ^^ tt 

Boilers of yacht-engines, locomotive type . . • ♦V ^0 tt 

Horizontal internally fired cylindrical multitubular boilers . -^ to ^V 

Portable engine-boilers, locomotive type . • • Vt ^^ T«r 

Water-tube-boilers . ^ to Jy 

Water-tube boilers, average of a number of different kinds . ^ 

Locomotive-engine-boilers ^ to ^^ 

All these boilers have natural draught in the chimney, except those of the 
locomotive type in which the exhaust-steam is discharged into the chimney. 

In marine return-tube boilers having combustion with forced draught, the 
ratio of fire-grate surface to heating-surface is from J^g to -^q. 

Tire-Bars of Steam-Boilers. — 
Fire-bars, or grate-bars of steam- 
boilers, shown in Figs. 39 and 40, 
are usually made of cast-iron, but 

castings of steel, and wrought-iron ^ ^ ^ 

bars, are employed in some cases. * — ^ ^ ^ — 

Thin and deep bars stand the fire Figs. 39* 40. -Fire-bars of steam-boilers. 

better, and warp less, than thick and 

narrow bars. Thin bars should always be used for high rates of 

combustion, as they are less liable to burn than thick bars. 

Cast-iron fire-bars are generally from f inch to i inch thick on the top, 
from ^ inch to f inch thick at the bottom, and from 3 to 5 inches deep 
at the middle of their length. In order to maintain the same space between 
the bars when they become worn, they are formed parallel for a depth of J 
inch from the top and then taper downwards. The side-bars should be 
formed to fit closely to the sides of the furnace-tube, to prevent the admis- 
sion of air at the sides of the fire. Ribs, or distance-pieces, are placed 
at the end and middle of the bars to form an air-space between them. 

The width of air-space depends upon the nature of the fuel and the 
available draught. With natural draught an air-space of from f inch to 
\ inch in width is generally sufficient to supply air to the fuel on the bars, 
and keep them sufficiently cool to prevent excessive twisting and deteriora- 
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tion. Coals which cake much, and yield the largest quantity of clinker 
and ash, require the widest air-space between the bars. For burning small 
coal or slack of average size and quality, an air-space equal to one-third the 
area of the fire-grate is a good proportion. 

With forced draught, the thickness of the fire-bars is generally from | to 
iV inch, and the width of the air-space between them is from tV ^^ i *^c^» 
according to the nature of the coal and the strength of the draught. A 
dead-plate at least 2 inches wide should be fitted closely to the furnace-tube 
at each side of the fire-grate, to prevent the admission of air at the sides of 
the fire, and the development of a blow-pipe-action of intense local heat on 
the plates at this point. 

The length of fire-bars should not, for convenience of handling, much 
exceed 3 feet. The length of the fire-grate of stationarj- boilers is frequently 
formed of three short fire-bars. The top of the bar should be grooved for 
the reception of fine ashes, which prevent the fusion of clinkers to the bar. 
It is necessary to allow sufficient space for the bars to expand, both length- 
ways and sideways, otherwise they are liable to warp and bend. The bars 
should slope downwards to the fire-bridge, at the rate of at least | inch per 
foot in length when convenient, to obtain as much room as possible in the 
furnace above the fire for combustion of the fuel-gases. 

Cast-iron fire-bars for Cornish and Lancashire boilers are frequently three 
in a line, each 2 feet long, 2 inches deep at the ends, 4 inches deep at the 
middle, and \ inch thick at the top. The weight of one of these bars is 
about 6\ lbs. About 270 bars are used for a 7 feet diameter Lancashire 
boiler, and about 330 for a 7 feet 6 inches diameter Lancashire boiler. 

Cast-iron fire-bars for marine return-tube boilers are frequently \ inch 
thick at the top, and \ inch thick at the bottom,, and the depth at the 
middle is from 3 to 4^ inches. A fire-bar 29 inches long weighs 20 lbs. ; 
34 inches long, 24 lbs. ; 36 inches long, 26 lbs. ; 42 inches long, 30 lbs. ; 
and 48 inches long, 36 lbs. The distance between the bars is frequently 

I inch. The side-bars of corrugated 
furnace-tubes have flanges fitting 
into the corrugations. 

Coals containing much sulphur 
„. , , , ., rapidly destroy fire-bars. When bad 

Fig. 41.— Fire-bara of steam-boilers. *^ . / ' , _ . 

coal IS used, the fire-bars are ren- 
dered most durable by casting four or five bars toge- 
ther, as shown in Fig. 4 1, instead of using separate bars. 
When coal is used which developes very Intense 
heat, the fire-bars should be covered with either chalk 
Fig. 42.-s««iopof or limestone to protect them from burning. 

wrought- iron fire-bars. ^^ *^ ° 

wrougnt-Iron Fire-Bam for steam-boilers can 
be made lighter than cast-iron bars. They are stronger and do not fuse 
and burn away so rapidly as cast-iron. They are best made in sets of six 
or more single bars liveted together as shown in Fig. 42. The air-space 
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is formed by washers through which the rivets pass. When constructed in 
this way they may be as thin as ^g inch on the top, with an air-space ^ inch 
wide, or less, if required. 

Tubular Tire-Bam. — In burning anthracite in a steam-boiler, fire-bars 
are employed formed of water-tubes, arranged in sets of three. An ordinary 
fire-bar is placed between each set of tubular-bars, which can be removed 
when cleaning the fires. 

Fire-Bzidgea of Staam-BoUera. — The fire-bridge at the back of the 
grate is employed to prevent the fire from being pushed over the grate-bars. 
It is composed of fire-brick laid on a wall in externally fired boilers, and 
laid on a casting fixed in the furnace-tube of internally fired boilers. 

Fire-bridges are frequently made considerably higher than necessary for 
keeping the fire on the grate, with the object of assisting combustion by re- 
tarding the escape of the fuel-gases and promoting their admixture with air. 
But a fire-bridge does not conduce to economy of combustion and it should 
therefore be made as low as possible. 

The effect of a high bridge is to bring the products of combustion in 
contact with the metal, and cool the gases before combustion is complete, 
and so contract the flame as to impede combustion. The velocity of the 
gases is greatest with a high bridge, and diminishes as the height is reduced. 
The bridge should be low enough not to interfere with the development of 
flame, and permit the flame to run the longest possible distance before being 
extinguished. A high bridge is liable to cause overheating with sedimentary 
feed-water. 





Fig. 43. —Fire-bridge of a steam-boiler. 



Fig. 44. — Fire-bridge of a Meam-boilcr. 



An excessively high bridge impedes the draught, and is liable to cause 
destructive impingement of flame against the furnace plates, and rapid 
cooling of the gases, resulting in loss of radiant heat, emission of smoke, 
and waste of fuel. Its tendency being to almost extinguish the flames, 
causing long streams of black smoke to form at the ends of the flames, 
which are deposited as soot the instant the heat of that portion of the gases 
which has been consumed is absorbed by the heating-surfaces. 

A fire-bridge for a steam-boiler is shown in Fig. 43. It is of cast-iron. 
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formed with a trough at the back in which blocks of Rre-ciay, 9 inches wide, 
are fitted. A dead -plate, from 10 to 12 inches wide, is placed in front of 
the bridge on to which the fire is pushed when cleaning it. This arrange- 
ment greatly facilitates rapid and efficient cleaning of the fires. 

Another fire-bridge is shown in Fig. 44. It is provided with a door 
fitting the underneath portion of the tube and hinged at the top, for the 
purpose of readily cleaning the bottom of the furnace-tube. 

In double-ended marine return-tube boilers, with two opposite furnace-tubes 
discharging into a common combustion-chamber, the bridge should be built a 
good height in the combustion-chamber to prevent the draught in one 
furnace obliterating that in the other. 

A fire-bridge is frequently simply formed by a wall of brick built in the 
furnace-tube, but it has the objections of concealing defects, and absorbing 
moisture from leaking seams, causing corrosive wasting of the plates in 
contact with the brickwork. 

Space above the Fire-Bridge. — The space provided above the bridge 
for the escape of the fuel-gases from the furnace, depends upon the rate of 
combustion. It may generally be from ^ to ^ the area of the fire-grate. 
When a fire-bridge is employed higher than necessary to guard the fuel, its 





Fig. 45.— Split fire-bridge. 



Fig. 46. — Split fire-bridge. 



height should be proportioned to the nature of the fuel, the strength of the 
draught, and the thickness of the fire. The distance between the top of the 
bridge and the crown of the furnace-tube, measured on its vertical centre- 
line, should not be less than =: the internal diameter of furnace-tube x -3. 

For instance, the fire-bridge of a furnace-tube of 33 inches internal 
diameter, should not be placed nearer to its crown than 33 x "3 = 9-9, or 
say 10 inches. The thickness or width of the bridge should not be greater 
than 9 inches. 

Split Bridges. — The fire-bridge of a steam-boiler is sometimes split, or 
formed hollow, for the purpose of admitting air at the back of the fire to 
promote combustion and prevent the emission of smoke. A split-bridge is 
shown in Fig. 45. It consists of a box-casting, forming an air-chamber, 
with a perforated air-plate at the back, and having a door at the front. 
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underneath the fire-bars, by which air is admitted to the box. The air in 
passing through the perforated plate becomes subdivided into minute jets, 
which effect the oxygenation of partly consumed gases passing from the 
furnace, promote their combustion, and prevent the production of smoke. 
The perforations are § inch diameter and their aggregate area is 4 inches 
per square foot of fire-grate surface. 

A simpler form of split-bridge, which does not interfere with the cleaning 
of the furnace-tube, for supplying air behind the bridge is shown in Fig. 46. 
Two different arrangements of box-shaped split-bridges are shown in 
Figs. 47 and 48. 





Fig. 47.~Spltt fire-bridge. Fig. 48. -Split fire-bridge. 

A split-bridge is useful for assisting imperfect combustion, and the pre- 
vention of smoke, especially in the case of a defective draught, or when 
the fires are unduly pushed, but as the air can only have a trifling amount 
of heat imparted to it in the chamber, it has a cooling effect on the flues, 
and therefore, it is preferable to provide an ample supply of air from the 
front of the furnace above the fire, and through the grate-bars from below 
the fire. 

Water-Bridges. — I'he fire-bridge of a steam-boiler is sometimes of 
metal, forming a water-space compartment communicating with the boiler. 
The objections to this form of bridge are that, being so near the burning 
fuel, it chills the gases before combustion is complete, and as the steam- 
bubbles can not escape except laterally, a film of steam is liable to accumu- 
late between the water and the metal and cause overheating, resulting in 
burnt and fractured metal at the front and top of the bridge. 

Steam-Oenerating Power of Steam-Boilers. — The steam-generating 
power of a boiler depends upon the efficiency of its circulation, the arrange- 
ment and extent of its heating-surface, the proportion of the fire-grate 
surface to the heating-surface, the strength of the draught, and the rate of 
combustion of the fuel. The power of a steam-boiler may be calculated in 
terms either of its evaporative capacity, or of its horse-power. 

The evaporative capacity of a boiler represents the quantity of water it 
will convert into steam per hour. It may be ascertained by testing the 
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boiler ; or it may be calculated approximately from the average rates of fuel- 
consumption and evaporation under ordinary working conditions. It may be 
assumed that with a good draught, 20 lbs. of coal can be readily consumed 
per square foot of fire-grate surface per hour, and at least 8 lbs. of water 
may be evaporated per lb. of coal of moderately good quality. On this 
basis, the evaporative capacity of a well arranged boiler having 33 square 
feet of fire-grate surface is = 33 square feet x 20 lbs. of coal x 8 lbs. of 
water =5280 lbs. of water per hour. 

Taking the steam-consumption of a good compound condensing-cngine 
at 15 lbs. per indicated horse-power per hour, and allowing a margin of 50 
per cent., or say 8 lbs., in order to admit of the power being obtained with 
easy firing, then 15 -|- 8 = 23 lbs. of water are required per indicated 
horse-power per hour, and the power of this boiler is = 5280 lbs. evapora- 
tive capacity -r- 23 lbs. = 230 indicated horse-power. 

Pow«r dareloped hy a Boiler of a given SraporatiTe Capacity. 
— The size of engine for which a steam-boiler of a given evaporative 
capacity is suitable, may be found by the following JRuie : — 

Indicated horse-power of engine the boiler is suitable for = 
Evaporative capacity of boiler x C. 

In which C is a constant varying for different types of engines as follows : — 

C = 025 for simple non-condensing engines. 

C = '050 for double-expansion condensing engines. 

C = '062 for triple-expansion surface-condensing engines. 

C = '070 for quadruple-expansion surface-condensing engines. 

For instance, a boiler having an evaporative capacity of 7cxx> lbs. of 
water per hour will supply steam for a simple non-condensing engine of 
7000 lbs. X '025 = 175 indicated horse-power; or for a double-expansion 
engine of 70CO x "05 = 350 indicated horse-power; or, for a triple- 
expansion engine of 7000 x -062 = 434 indicated horse-power; or, for a 
quadruple-expansion engine of 7000 x '07 = 490 indicated horse-power. 
This Rule gives the power of engines the boilers will on an average 
readily supply steam for, but greater power may be obtained under favourable 
conditions. 

Horee-Povrer of Bteam-Boilers. — ^The term horse-power is frequently 
Applied to steam-boilers. It is based on the generation of a sufficient 
^quantity of steam, for the development of one horse-power in a steam-engine. 
But. as the quantity of steam required for this purpose depends upon the 
type and perfection of the engine, it is necessary to determine what should 
constitute a boiler horse-power, and to define some unit expressing the 
K^uantity of steam generated in a boiler, from and at a given standard tem- 
iperature, which shall develop one horse-power on an average, when used by 
a fairly good engine. 

A unit of this kind is desirable in order that boilers may be designed to 



QUANTITY OF WATER AND COAL REQUIRED BY BOILERS. l6l 

develop a given horse-power with a given consumption of fuel. This unit 
should vary, for boilers supplying steam to different kinds of engines, 
according to the lowest average weight of steam required in practice to 
develop one horse-power by the best engines of each type, because, a 
given evaporation produces widely different results in different types of 
engines. 

The Vominal Some-Power of SteaAn-Boileni is frequently measured 
by the evaporation of one cubic foot of water, or 62'4 lbs., to steam per hour, 
but this is much too small a standard for modem steam-boilers. One 
nominal horse-power of a modern steam-boiler may be measured by the 
evaporation of 45 lbs. of water, from and at 212° Fahr. per hour. 

Theoretioal Qnaiitity of Water and Coal required fbr the 
Btrelopment of One Indicated HorM-power. — The quantity of water 
and coal theoretically required by a steam-boiler for the development of one 
indicated horse-power may be calculated as follows : — 

One indicated horse-power is equivalent to, 

3300 foot po unds _ 
772 loot pounds 

42746 thermal units per minute, and = 42746 x 60 minutes = 256476 
thermal units per hour. 

The heat required to evaporate i lb. of water from 212° Fahr. to steam 
of the same temperature, is 966 units, and, 

256476 thermal units per hour _ 
966, the unit of evaporation "" 

2*655 lbs., the quantity of water theoretically required for the development 
of one indicated horse-power per hour. 

If Welsh steam-coal, having a calorific power of, say, 14973 units per lb., 
be used in the boiler, it will evaporate, 

14973 thermal units _ 

966, the unit of evaporation 

155 lbs. of water to steam, from and at 212^ Fahr., per lb. of coal, and the 
consumption of coal per indicated horse-power per hour is := 

2*655 lbs. of water per i ndicated horse-power per hour __ 
155 lbs. of water evaporated per lb. of coal "" 

•1712 lb. of coal. 

Showing that about 2f ounces of coal will theoretically develop one 
indicated horse-power per hour; and i -r '1712 lb. = 5*841 indicated 
horse-power per hour may theoretically be developed by i lb. of coal. 

These quantities of water and coal are very much less than are obtained 
in practice, owing to numerous sources of loss of heat in tts conversion into 
work. 

S.B.C. M 
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Actaal SorM-Paw«r of SteaAn-Boiloni. — ^Tue steam -generating 
power of a steam-boiler is determined by the quantity of water at the 
boiling point, 212° Fahr., it will evaporate to steam of the same temperature 
with the consumption of a given quantity of fuel per hour, which can only 
be determined by experiment. The power of a steam-boiler may be 
conveniently determined by the evaporation required to supply the quantity 
of steam actually consumed per unit of power by an economical steam 
engine under ordinary working conditions. Hence, the power of a steam- 
boiler may be es'amated by a unit expressing the quantity of water required 
to be evaporated to dry steam per hour, from and at 212° Fahr., to supply 
the quantity of steam necessary for the development of one indicated horse- 
power by an economical steam engine. 

A high-class-condensing engine using steam of very high pressure with 
large measures of expansion, in cylinders efficiently protected from 
condensation, should not use more than 10 lbs. of steam per indicated 
horse-power per hour. Therefore one boiler-horse-power may be expressed 
by the evaporation of 10 lbs. of water to steam per hour, from and at 212*^ 
Fahr. This may be taken as a standard unit of power, and one boiler- 
horse-power is equivalent to 10 lbs. of water x 966 units of heat per pound, 
= 9660 thermal units. 

But as the quantity of steam consumed per indicated horse-power varies 
considerably in different types of engines, it is necessary to provide 
boiler-power considerably in excess of the capacity of the engine to utilize 
the steam generated : and it is convenient to adopt a standard expressing 
the quantity of steam consumed by the best engines of different types and 
allow a margin in each case to ensure the provision of ample boiler-power. 
For which purpose, it may be affirmed that the power of a steam-boiler 
should be at least 50 per cent, greater than that of the engine it supplies 
with steam, in order to obtain economical evaporation and an ample supply 
of steam. On this basis the power of boilers for different types of engines 
may be estimated with precision. 

Actaal HorM-Paw«r of Boilon fbr QnadrupU-Ejepaiudoii Biurfkoo- 
Condowgiiig Bnginmi. — ^A good quadruple-expansion surface-condensing 
engine should not use more than 12 lbs. of steam per indicated horse-power 
per hour. Allowing a margin of 50 per cent, for the purpose of obtaining 
a boiler of sufficient capacity to permit the economical generation of an 
ample supply of steam, the quantity becomes i2Xi'5 = i8 lbs. of 
steam per indicated horse-power per hour. Therefore the actual horse- 
power of boilers which supply steam to quadruple-expansion surface-con- 
densing engines may be measured by the evaporation of 18 lbs. of water to 
steam per hour from and at 212^ Fahr. This is equivalent to 18 lbs. of 
water x 966 units of heat per lb. =s 11 592 thermal units. 

▲oiwd Bo«M-Pow«r of Boiloni fnr Triplo-SzpMudoa SiuAeo- 
Condonring Sngiaos. — The best triple-expansion surface-condensing 
engines use 15 lbs. of steam per indicated horse-power per hour. Allowing 
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a inai;gin of 50 per cent., the quantity becomes 15 x 1*5 = 22*5, or, say, in 
round numbers 23 lbs. of steam per indicated horse-power per hour. 
Hence, the actual horse -power of boilers which supply steam to triple- 
expansion surface-condensing engines may be measured by the evaporation 
of 23 lbs. of water to steam per hour, from and at 212° Fahr. This is 
equivalent to 23 lbs. of water x 966 units of heat per lb. = 22218 thermal 
units. 

For example, the power of two boilers supplying steam to a set of triple- 
expansion engines, burning together 2423 lbs. of coal per hour, and 
evaporating 9 J lbs. of water per lb. of coal, from and at 212*^ Fahr. is, on 
this basis = 2423 lbs. of coal x 9^ lbs. of water = 23018 lbs. of water 
evaporated by both boilers per hour, and 23018 -f- 23 lbs. of water con- 
.sumed per indicated horse-power per hour = looo horse-power, the actual 
power of these boilers. 

AetiuJ Honit -Power of Bteam-Boiltni for Bonbla-Szpaiunoii 
Smrlkoe-Condiiging SngiaM. — The best double-expansion engines use 
on an average 18 lbs. of steam per indicated horse-power per hour. 
Allowing a margin of 50 per cent, the quantity becomes 18 x 1*5 = 27 lbs. 
of steam per indicated horse-power per hour. The actual horse-power of 
boilers for double-expansion surface-condensing engines may therefore be 
measured by the evaporation of 27 lbs. of water to steam per hour, from 
and at 212° Fahr. This is equivalent to 27 lbs. of water x 966 units of 
heat per lb. = 26082 thermal units. 

Aetnal Korse-Pow«r of Bteam-Boilam for Compoiind Von-Con- 
doudng Sngiaas. — ^The best compound non-condensing engines use on 
an average 20 lbs. of steam per indicated horse-power per hour. Allowing 
a margin of 50 per cent, the quantity becomes 20 x 1-5 = 30 lbs. of steam 
per indicated horse-power per hour. Hence, the actual horse-power of 
boilers for compound or double-expansion non-condensing engines may be 
measured by the evaporation of 30 lbs. of water to steam per hour, from and 
at 212*^ Fahr. This is equivalent to 30 lbs. of water x 966 units of heat 
per lb. = 28980 thermal units. 

Aetnal Horsa-Powtr of Btaam-BoilerB for Simple 3fon-Con- 
Awudng Engines. — The best non-condensing simple engines use 23 lbs. 
of steam per indicated horse-power per hour. Allowing a margin of 50 
per cent., the quantity becomes 23 x i'5 = 34! lbs. of steam per indicated 
horse-power per hour. Therefore the actual horse-power of boilers for 
simple non- condensing engines may be measured by the evaporation of 
34i lbs. of water to steam per hour from and at 212° Fahr. This is 
equivalent to 34*5 lbs. of water X 966 units of heat per lb. = 33327 thermal 
units. 

Water-Cduminption hj Bteam-Sngiiies. — ^The quantity of water in 
lbs. per indicated horse-power per hour, actually used by steam-engines 
under ordinary working conditions, agrees very closely with the result given 
by the following formula : — 

M 2 
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Water-consumption per I H P = — ^52 

y Jboiier-prcssure above me aunosptiere 

Example: — Required the consumption of water by a set of triple-expansion* 
engines, supplied with steam by a boiler having a working pressure of 1 50 lbs. 
per square inch above the atmosphere. 

Then 190-?-.?/ 150 lbs. = 15! lbs. of water consumed per indicated 
horse-power per hour. 

Pow«r D«Ttlop6d b7 th« H«ftti]ig4hirlkoM of Bteam-BoilMrs in 
Practice. — The quantity of heat required to generate steam being practically 
the same for all pressures, the coal-consumption in a given boiler is constant 
for all pressures. The maximum weight of steam generated in a given 
time per square foot of heating-surface is tolerably constant in practice with 
the best arranged steam - boilers, therefore the heating - surface of an 
economical boiler may be assumed to bear a definite relation to the power 
developed by an economical engine. 

The maximum power which a good steam-engine is capable of developing 
constantly, under ordinary working conditions, from a given total area of 
heating-surface of a good steam-boiler, with natural draught, may be estimated 
approximately by the following formula, in which the working pressure in 
lbs. per square inch is that shown by the steam-gauge, or above the 
atmosphere : — 

Estimated indicated horse-power of steam-engines = 

Total heating-surface in square feet ^ ^ Working pressure. 

In which C is a constant for engines using steam of pressures within the 
limits of ordinary practice with each type of engine; its value being as 
follows : — 

C = 1 30 for simple non-condensing engines. 

C = 120 for compound or double-expansion non- condensing engines. 

C = 28 for double expansion surface-condensing engines. 

C = 33 for triple-expansion surface-condensing engines. 

C s 30 for quadruple expansion surface-condensing engines. 

Example i: Estimate the indicated horse- power capable of being 
developed by a double expansion surface-condensing engine, supplied with 
steam by two boilers having an aggregate total heating-surface of 2950 
square feet ; working pressure 90 lbs. per square inch ? 

Then ^9$o square ee ^ / ^ _ ^^^^^ indicated horse-power, the 

power which good engines of this type should develop under ordinary 
working conditions. 

Example 2 : Estimate the indicated horse - power capable of being de- 
veloped by a triple-expansion engine, supplied with steam by two boilers 
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having an aggregate total area of heating-surface of 2700 square feet; 
working pressure 150 lbs. per square inch ? 

Then ^700 square feet ^ ^ ^^^ j^^ ^ ^^^ indicated horse-power, 

the power which a good engine of this tjrpe should develop under ordinary 
working conditions. 

The Totel H^ating-SiixfMo of a Steam-Bo£l«r required to supply 
steam to a good engine of given indicated horse-power may be estimated 
approximately by the converse of the previous formula, as follows : — 

Total heating-surface of a steam-boiler in square feet, 

__ Indicated horse-power of engines x C 
y boiler-pressure 

in which the different values of C are the same as in the previous formula. 

Example i : Estimate the total heating-surface of two steam - boilers to 
supply steam of 85 lbs. per square inch working pressure, to a double 
expansion surface condensing engine of 800 indicated horse-power. 

Then , .^ = 2428 square feet, the aggregate total area of heating- 

surface required. 

Example 2 : Estimate the total heating - surface of two boilers to supply 
steam of 150 lbs. per square inch working pressure, to a set of triple 
expansion engines of 1200 indicated horse-power? 

Then i?-^^^?-^3? 2- ^2^1 square feet, the aggregate total area of heating- 

surface required. 

VonnAl Zndioated Korsa-Poww of 8tMai-Boil«ni.— The council of 
the North-East Coast Institution of Engineers and Shipbuilders give the 
following formula for the powxr of steam-boilers : — 

Let D = the diameter of the low-pressure cylinder of the engine in inches. 
If there be more than one low-pressure cylinder, let 
D2= the sum of the squares of the diameters. 
S = the length of stroke of the piston in inches. 
P = Working pressure of the steam in lbs. per square inch above the 

atmosphere. 
H = Heating-surface of boilers in square feet. 

Then for engines driving screw-propellers : — 

Normal indicated horse-power of steam boiler = — ^^ 

andH=-^:^. 
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Normal indicated horse power of combined engines and boilers = 
(D» y S -h 3 H) y P . 

ICO 

For engines driving paddle-wheels : — 

Normal indicated horse-power of paddle-engines =^ — — ^ — '-"^L— 

andH = ?^«^S 
5-2 

VT • 1 L normal indicated horse-power 
Nommal horse-power = — ^ 

As an example of the above RuUsy take the case of a triple-expansion 
engine of 48 inch stroke, diameter of low-pressure cylinder 7a inches, 
working pressure of steam 1 50 lbs. per square inch, for driving a screw- 
propeller. 

Then 72 x ^^ inches x ^^8 = 5184 x 3-6342 = 18839 ^ 3*^5 == 
5797 square feet of heating surface are required for the boilers for this 
engine: and 18839 -h (5797 x 3) = 18839 + i739i = 36230 x ^ 150 = 
36230 X 5*313 = 192490 -f- 100 = 1924 normal indicated horse-power of 
combined engines and boilers. This amount of heating-surface would be 
divided between two boilers. 

If the power of these boilers be estimated by the Rule on page 164, it 
gives 5797 square feet of heating -surface -f- 33 = 172*64 x {/ 150 lbs. 
pressure = 172*64 x 12*247 =2114 indicated horse-power, the power that 
good engines should develop with steam supplied by these boilers. 

XMfteMLt TypMi of Stttam-Boiltni. — Steam-boilers may be divided 
into three classes, viz., externally-fired and internally-fired cylindrical 
boilers: and water-tube boilers, or those in which water is contained in small 
tubes having heat applied on the outside. The simplest form of steam 
generator is the plain cylindrical boiler with hemispherical ends, commonly 
called an egg-ended boiler. It is externally fired, and not being an econo- 
mical steam-generator is only now used to a limited extent. The next in 
simplicity are as follows : — 

The cylindrical boiler with single furnace-tube, or Cornish boiler; the 
cylindrical boiler with two furnace-tubes, or Lancashire boiler ; the Galloway 
boiler with two furnace-tubes communicating with a large tube contsuning 
a number of vertical tubes ; the marine return-tube boiler ; the locomotive 
boiler; vertical cross-tube boilers; and multitubular boilers. All these 
boilers are internally-fired. 

Internally-fired boilers generally have greater evaporative power and are 
more economical in fuel than externally-fired boilers, and suffer less injiuy 
from strains due to unequal expansion and contraction. When a cylindrical 
boiler is fired under the bottom, there is considerable difference between the 
temperatures of the top and bottom of the shell, which results in unequal 
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expansion and contraction, and causes deterioration of strength. The plates 
are also liable to injury from overheating, caused by the settlement of sedi- 
ment at the bottom boiler. 

Term of BaLUr-Shalls. — ^The strongest form of a boiler for resisting in- 
ternal pressure is that of the sphere, because it is the only shape capable of 
resisting pressure uniformly throughout its entire surface, and of accommo- 
dating itself uniformly to the expansive action of heat, without distortion. 
The sphere contains the greatest volume with the smallest possible surface, 
but a spherical vessel presents a small amount of heating-surface to the fire, 
and is not a convenient form for a steam-boiler. The form of structure 
which possesses the greatest strength next to the sphere, is the cylindrical 
form, and it is consequently the shape most extensively used for steam- 
boilers. 

Axrmng%mnt of Boil0r-8h«Il Plates. — Cylindrical boiler-shells are 
composed of plates with riveted seams. Plates of homogeneous struc- 
ture, being of uniform strength^ may be placed either lengthways or cross- 
ways round the circmnference of the shell, but plates of fibrous material, 
such as iron, are strongest in the direction in which they were rolled, and 
the fibre of the plates should run round the circumference of the shell of 
internally-fired boilers. 

In plain cylindrical externally-fired boilers, considerable strain may be 
thrown on the bottom of the boiler by sudden contraction from an inrush of 
cold air to the flue, or by the delivery of cold feed-water on to the bottom 
plates, and when constructed of iron-plates, the furnace-plates should be 
arranged with the fibre running lengthways of the boiler. This arrangement 
also facilitates renewal of the plates. 

When fibrous plates are employed with the fibre running lengthways of 
the shell, it is necessary to allow a larger margin of safety than when the 
plates are arranged with the fibre running circumferentially. 

The longitudinal seams joining the ends of the plates forming a beh of 
a cylindrical boiler-shell, are either lap-jointed, formed by lapping two plate- 
ends and riveting them together with one or more rows of rivets; or butt- 
jointed, formed by butting two plate-ends together and covering the joint 
with a strip of plate on one side, or on both sides, of the shell-plate, and 
riveting them together with one or more rows of rivets. In order to in- 
crease the strength of the shell, the longitudinal seams are not arranged in 
line from end to end of the boiler, but are placed as far apart as possible, or 
break joint successively. They should be placed clear of the boiler- 
seating, and away from the centre-line of the top and bottom of a horizontal 
boiler. 

Cu-cumferential seams, or transverse seams, or ring seams, for joining 
the belts of plates, add considerable stiffness to the structure ; and the width 
of the belts of plates of long boilers should not exceed 39 inches in order 
to counteract the bulging of the plates in case of over-pressure. 

Sffeot of ZntenuJ PMMnixa on Cylindzioal BoiUr-Slitlls. — ^The 
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pressure of steam being equal in all directions, the pressure inside the shell 
of a cylindrical boiler acts uniformly all round its circumference, and tends 
to restore any departure in shape from a true circle and maintain a perfectly 
circular form. The pressure against the circumference of the shell may be 
considered to radiate from the axis as shown in Fig. 49, and tends to enlarge 
the circumference uniformly, and rupture the shell in lines parallel to the 
axis, or at the longitudinal seams of a shell formed with riveted joints. 
The tension of the radial pressure may be regarded to be uniformly distri- 
buted through the material in the case of cylinders of ductile material of 
small thickness compared with their diameter, such as the shells of steam- 
boilers. 





Fig. 49.~Sectkm of boiler-shell. 



Fig. 50. — Section of boiler-shell. 



The force tending to rupture a cylindrical shell longitudinally, or in lines 
parallel to its axis, may be considered as acting and re-acting in opposite 
directions to divide the cylinder in halves, or into two parts in a plane 
drawn through the diameter as shown in Fig. 50, in which the diametrical 

line A A represents the force and the 
arrows show the direction in which the 
force is exerted. The resistance opposed 
to this force is that due to the area of 
the metal on two opposite sides of the 
shell, or at the points a a. 

The shell may be considered to be 
composed of a number of narrow rings, 
of a unit's length, say i inch, placed side 
by side, each of which resists the pres- 
sure independently of the others. A ring 
of this description is shown in Fig. 51, 
and as it is a true circle and supposed to 
be composed of material of uniform 
strength throughout, it is equally strong 
at all points of the circumference, and the same radial force will be 
required to burst it in one direction as another. 

The force tending to burst or rupture this ring through the horizontal centre 




Fig. 51.— Section of boiler-shell. 
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line B B is exerted upwards and downwards along the vertical centre line 
A A. On receding right and left from this line the pressure is exerted 
diagonally with diminishing vertical-effect to produce tension at a a. The 
force is resisted by the section of the metal at the points b b. If the 
circumferential line exposed to the force be divided into a number of 
divisions, say six, by radial lines from the centre c, and vertical lines be 
drawn from the line b b to the points of inter-section of the radial lines with 
the circumference, as lines d and e, the length divided off by these vertical 
lines on the line b b, represents the effect of the area of each division to 
rupture the boiler in the direction of a. If the component vertical forces 
be taken at a great number of points in the semi-circumference, it will 
be found that their sum is equal to the full pressure exerted on a line equal 
in length to the diameter. 

Hence, although the pressure acts upon the whole circumference, its effect 
in rupturing the boiler is only measured by the diameter of the shell, and 
the force tending to burst a cylindrical shell in lines parallel to its axis, is 
equal to the internal diameter x pressure on each unit of surface x by the 
length of the shell. 

Bnnting-Prewnire of Qylindrioal Boil«r-81ieIUi. — ^A cylindrical 
boiler-shell is strained by internal ^^^^^^^^^^^^^^ 
pressure in two directions, viz., trans- ^^^^^nfTT'^^^l 
versely by a circumferential strain I I I I I 

due to the pressure tending to burst 
the shell by enlarging its circumfer- 
ence, as shown by the vertical arrows rig. sa.-Section of boUer-heU. 
in Fig. 52 ; and longitudinally, due 
to the pressure tending to force the ends asunder as shown by the 
horizontal arrows. 

l*he strength of the shell in a transverse direction may be ascertained by 
calculating the strength of a narrow belt of the shell, say a solid ring i inch 
iK-ide. This ring will be exposed to a pressure on a surface equal to its 
internal diameter, and the pressure will be resisted by a sectional area of 
metal =: the thickness of the shell x 2 x i inch wide. 

The bursting-pressure of a cylindrical boiler-shell, without seams, in a 
transverse direction may be found by the following formula : — 

Let P = the internal pressure on the shell, or the bursting-pressure in 
pounds per square inch. 
/ = the thickness of the shell in inches. 

X = the tensile strength of the metal in pounds per square inch. 
D = the internal diameter of the boiler-shell iu inches. 
/ X 2 X X 



I'M! 



P=: 



D 



ExampU: Required the bursting-pressure in a transverse direction of 
the shell of a cylindrical boiler, without seams, of 30 inches diameter, thick- 
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nessof shell \ inch, tensile strength of the steel-plates 60,000 lbs. per square 

inch? 
-^ "5 inch thick x 2 x 60000 lbs. ,^ . i_ .i_ 

^'=°' 30 inches diameter of shell = *°°° **• P" ^l""*" '"^^' *«* 

pressure required to burst this boiler-shell in a transverse direction. 

The thickness of the shell in inches, /, required to resist the bursting- 
pressure, for equilibrium of stresses, may be found by this formula : — 

Px D 
'= TxT' 

Taking the data from the last example, the thickness of the shell, 

2000 lbs. X 30 inches diameter , , 

/ = ? ^ ., = '5 inch. 

60000 lbs. X 2 ^ 

Again, D^ x 3*1416 x P = D x 2 x 3*i4i6 x / x j. 

That is, the strain on the metal is equal to the strength of the meta! 
opposed to the strain. 

Applying this to the above data : — 

Then 30 inches x 30 inches x 3*1416 x 20000 lbs. = 5654880 lbs.. 

And 30 inches x 2 x 3*1416 x *5 inch x 60000 lbs. = 5654880 lbs. 
Showing that the strength of the metal is equal to the pressure, or that the 
stresses are in equilibrium. 

The internal pressure in lbs. per square inch, tending to rupture a 
cylindrical shell in a transverse direction, may also be calculated from the 
internal radius of the shell by the following formula : — 

BurstiuR pressure = Tensile strength of meta l x thi ckness in inches 

Internal radius of shell in inches 

Thickness of metal in inches required to resist the biu^ting-pressure for 
equilibrium of stresses = 

Bursting pressure in lbs, per square inch x internal radius of shell in inches 
Tensile strength of metal in lbs. per square inch, 

And bursting-pressure x radius = tensile strength x thickness of metal. 
Showing that the strain on the metal is equal to the strength of the metal 
opposed to the strain, or the stresses are in equilibrium. 

BtrmgfJi of a Cylindrical Boiler-8h«ll in a LoBgitadinal 
DixoetioiL. — ^The internal pressure tending to force the ends of a boiler 
asimder, or to sever the ring-seams, may be calculated as follows : — 

Taking the data from the previous example, the sectional area exposed to 
the pressure is = 30 inches x 30 inches diameter x "7854 = 706*86 
square inches. The resistance of a ring of the shell in a transverse 
direction is = 30 inches diameter x 3*1416 =s 94*248 inches, the circum- 
ferential length of the ring x *5 inch thicknesses x 60000 lbs. = 282744a 
lbs., and 2827440 -r 706*86 square inches of sectional area of the shell =. 
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40000 lbs. per square inch, the bursting-pressure in the longitudinal 
direction of the boiler. 

This calculation shows that the strength of this boiler in a longitudinal 
direction is double that in a transverse direction. Hence, in a cylindrical 
boiler-shell having riveted joints of equal proportions, the ring-seams are 
tvlce as strong as the longitudinal seams. 

Sffaot of Zntemal Fluo-Tnbes on tho Btrongth of tho Sliell of 
a Qylindrioal Boilor. — ^The transverse strength of a boiler-shell is not 
influenced by internal flue-tubes, but they increase the longitudinal strength 
of the structure. In calculating the longitudinal strength of a boiler with 
one or more internal flue-tubes, it is necessary to deduct the area of the 
flue-tubes from the area of the end of the boiler, and to add the circum- 
ference of the tubes to that of the shell, in calculating the strength of the 
boiler. 

Take, for instance, a Cornish boiler, 5 feet internal diameter, with an 
internal flue-tube of 30 inches diameter, the boiler being composed entirely 
of ^-inch steel-plates, having a tensile strength of 60000 lbs. per square 
inch. 

The area of the shell is = 60 x 60 inches diameter x 7854 = 2827*44 
square inches. 

The area of the flue-tube is = 30 x 30 inches diameter x 7854 = 
706-86 square inches. 

The area exposed to the pressure is = 2827*44 — 706*86 = 21 20* 58 
square inches. 

The circumference of the shell is = 60 x 3*1416 = 188*496 inches. 

The circumference of the flue-lube is = 30 x 3*1416 = 94*248 inches. 

Then 188-496 -|- 94*248 inches = 282744 inches total circumferential 
length ; and the resistance opposed to internal pressure is = 282*744 inches 
circumferential length x *5 inch thickness x 60000 lbs. per square inch 
tensile strength = 8482320 lbs. Then 8482320 lbs. resistance -r- 2120*58 
square inches of surface exposed to the pressure = 4000 lbs. per square 
inch, the bursting-pressure in a longitudinal direction. 

The bursting-pressure of this shell in a transverse direction is = 

60000 lbs. X *5 inch thickness ,^ « . . , 

. — i- — .- - , — J. — = I coo lbs. per square mch. 

30 mches mtemal radius 

Showing that this boiler-shell is 4000 -7- 1000 lbs. = 4 times as strong in a 
longitudinal direction as it is in a transverse direction. 

When there are several flue-tubes their aggregate surface must be used 
in calculating the longitudinal strength of the shell. 

Bvnrting-FrMraro of Qylindrioal Boilor-SheUji with Bivetod 
Joints. — ^The resistance of a cylindrical boiler-shell to internal pressure 
varies inversely as the diameter : a shell of three feet diameter will bear 
double the internal pressure of one of 6 feet diameter, the thickness and 
strength of metal being the same in both cases. The resistance of the 
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plates forming the shell varies directly as their thickness ; a shell of i inch 
thickness will bear double the pressure of one of ^-inch thickness, the 
diameter of the shell and the thickness of metal being the same in both 
cases. The area of metal opposed to the pressure is equal to the thickness 
of metal at each side of the shell, multiplied by the length of the shell. 
For instance, the thickness of the cylindrical shell shown in Fig. 53 is 

^-inch, the length of the shell, or width 
of the belt of plate, is i inch, therefore 
the thickness of the two sides x by 
the width ='5 x 2 x i inch= i square 
inch of metal, the sectional area op- 
posed to the internal pressure on the 
shell. 

As boilers are generally composed 
of belts of plates with riveted seams, 
it is necessary to take the strength of 
the riveted joints into consideration 
in determining the strength of the 
Fig. 53.-Section of boiier-sheu. shcll. As the Circumferential seams 

are twice as strong as the longitudinal 
seams, the strength of a cylindrical boiler-shell to resist internal pressure 
depends principally upon the strength of the material and the proportions 
of the longitudinal seams. 

The bursting-pressure of cylindrical boiler-shells formed with riveted 
seams may be found by the following Rule : — 

Bursting-pressure of a cylindrical boiler-shell in lbs. per square inch = 

/Tensile strength of plate in lbs. x its thickness\ 

V in inches x percentage of strength of joint ) 

Internal radius of shell in inches. 

Example : Required the bursting-pressure of a cylindrical boiler-shell, 
thickness of plate |-inch, the strength of the riveted joints being 56 per 
cent, of that of the solid plate ; internal diameter of shell 84 inches ; and the 
tensile strength of the steel-plates being 63000 lbs. per square inch ? 

Th 63000 lbs. X '5 inch th i ckness x '56 -. - lu . . 

42 inch internal radius of shell "" • P 4 > 

the bursting-pressure of the shell. 

The thickness of plate in inches of a cylindrical boiler-shell for a given 
bursting-pressure is = 

Bursting-pressure i n lbs, x interna l radius of shell in inches 
Tensile strength of plate in lbs. x percentage of strength of joint* 

Example : Required the thickness of plate of the boiler described in the 
previous example ? 
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rp. 420 lbs. bursting-pressure x 42 inches rad i us of shell _ . . , 
63000 lbs. tensile strength x 56 "" ^ ' 

the thickness of plate required for this bursting-pressure. 

The internal diameter of a boiler-shell for a given thickness of plate, and 
bursting-pressure is = 

Tensile stren gth of metal x thickne ss of plate x strength of joint 
Bursting-pressure in lbs. per square inch 

Example : Required the internal diameter of the boiler-shell described 
in the previous example ? 

Then 63000 Ibs^jensile strength xj inch thick x 56 ^ , = 84 inches, 
420 lbs. per square mch burstmg-pressure 

the internal diameter of shell required for that bursting-pressure. 

The strength of a steam-boiler depends upon its design, the proportion of 
its parts, and the quality of the materials and workmanship. 

Taotor of tefivtj ibr SteaAn-Boilsni. — A steam-boiler should possess a 
large excess of strength, in order to provide for defects in materials and 
workmanship, which may exist without external indications, and for the 
reduction of the original strength of the structure due to corrosion, and also 
to the effect of strains arising from unequal expansion and contraction. 
A boiler is seldom of equal strength in all parts, and it does not 
wear uniformly. It is, therefore, necessary to allow a considerable 
margin between the working-pressure and the bursting-pressure of steam- 
boilers. 

This margin, or the ratio in which the bursting-pressure exceeds the 
working-pressure, is termed the factor of safety. Boilers of moderately 
good materials and workmanship may have a factor of safety of six. 
Boilers of known high-class materials and workmanship, well cared for, but 
not worked under inspection, may have a factor of safety of five. High- 
class boilers that are regularly tested, and worked under both favourable 
conditions and efficient periodical examination, may have a factor of safety 
of four, but it should not, in any C9se, be less. 

The following additions should be made to the factor of safety for 
structural defects when they exist, viz., an addition of '25 if the rivet-holes 
are not good and fair in the circumferential seams; *5 if the seams do not 
break-joint properly; '5 if the rivet-holes are not good and fair in the longi- 
tudinal seams ; i if the longitudinal seams are single-riveted ; and 2 when 
the quality of the materials and workmanship is doubtful or unsatisfactory^ 
without being positively bad. 

WorklBg-Prewniro of Stoam - Boilors. — ^The maximum working, 
pressure of a cylindrical boiler-shell in pounds per square inch may be 
found by the following RuUy in which the strength of the joints of the 
plates is expressed in percentage of the strength of the solid-plate :— 
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Maximum working-pressure of boiler-shell = 
Strength of plate in lbs, x thickness in inches x strength of joint 
Internal radius of shell in inches x factor of safety. 

Example: Required the maximum working-pressure of a steel boiler- 
shell of 7 feet internal diameter; thickness of shell-plates \ inch; the 
strength of the riveted joints is 70 per cent, of that of the solid plate ; 
ultimate tensile strength of the plates 29 tons; factor of safety 6 ? 

Then^^^"-^ gg40 lbs, x -5 inch thick x 70 _ ^^^ ^^^^ 
42 inches internal radius of shell x 6 ^ *' 

or say 90 lbs. per square inch working-pressure. 

]UAm«t«r of Boilar-SlMlLi. — ^The internal diameter of a boiler-shell in 
inches for a given working-pressure of steam and thickness of plate, may 
be found by the following Rule : — 

Internal diameter of boiler-shell in inches = 

Strength of plate in_lbs. x^hickjiess Jn inc hes x st rength of joint 
"Working-pressure in lbs. per square inch x factor of safety 

Example : Required the internal diameter of the boiler-shell described 
in the previous example? 

Then 19j?^"8.^"40tb8 xj inchthick X 70 ^ , ^ g .^^^es, 
90*22 lbs. workmg-pressure x 6 

the internal diameter of this boiler-shell. 

Thickness of Plates of Boiler-Shells. — ^The thickness of plate in 
inches of a boiler-shell for a given diameter in inches and working-pressure 
in lbs. per square inch may be found by this Rule : — 

Thickness of plates of boiler-shell = 

Working-pressure x factor of safety x internal radius of shell 
"~ Strength of plate x strength of joint 

Example: Required the thickness of the plates of the boiler-shell 
described in the previous example ? 

Then 9g:?iJ-t>.^^^JJi- 42 inches r adh^ ^ .^^^ ^^^ ^^^^^ ^^ 
29 tons X 2240 lbs. X 70 

plate required for this boiler-shell. 

Fuxnaoe-Tiibes of Steem-Boilers. — ^The furnace-tube of a steam- 
boiler is exposed to a circumferential compressive stress from external 
pressure, equal in intensity to the tensile stress which an equal pressure 
would produce if applied inside the tube. Furnace-tubes should be as 
thin as the working-pressure will permit, because the heat-transmitting 
power of the plate decreases with the thickness, when it exceeds f-inch. 
Thick plates are more liable to blister and become injured by excessive 
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heat than thin ones. Furnace-plates are made either of best Yorkshire 
iron, or of a mild quality of Siemens or other steel. 

The longitudinal seams are best welded, they can then be made nearly 
perfectly circular, or so as not to deviate more than J inch. When they 
are riveted, butt-joints are preferable, as it is important to obtain a per- 
fectly circular tube, which cannot be obtained with a lap-joint. There 
should be as few seams as possible, and when lap-jointed their laps should 
be placed so that the current of the products of combustion does not im- 
pinge on the edges of the plate. The longitudinal seams should be placed 
below the level of the fire-grate. 

Sufficient care is not taken in many cases to construct furnace-tubes 
perfectly circular in form, and tubes both with welded seams and riveted 
joints with double butt-straps, are frequently found as much out of truth 
as lap-jointed tubes. When Galloway-tubes are welded in a furnace-tube, 
they are liable to pull it out of a true circle when contracting in cooling, 
and may produce a deviation of from \ inch to f inch from a true circle. 

8tr«ngtli of Pumaoe-TiilMS of Steam-Boilers. — ^The furnace-tubes 
and flue-tubes of steam-boilers are exposed to external pressure tending to 
change the form of their transverse sections by bending, wrinkling, or 
buckling, the plates, and to collapse the tubes. The tendency of external 
pressure being to aggravate any distortion or departure from a cylindrical 
form, tubes subject to external pressure should be perfectly circular in 
.shape. 

The strain due to external pressure on a tube is theoretically a 
crushing strain, independent of the length of the tube, but directly 
proportional to the thickness, and inversely as the diameter ; but in practice 
it is found that the strength of a tube to resist collapse is considerably 
affected by its length. 

Fairbairn made a number of experiments to ascertain the collapsing- 
strength of tubes, and found that with tubes of the same diameter and the 
same thickness of metal, the strength to resist collapse was nearly inversely 
as the length ; that with tubes of the same length and thickness, but of 
different diameters, the strength is nearly inversely as the diameter ; and 
that the strength of tubes of the same length and diameter, but of different 
thickness, varies as the 2* 19th power of the thickness. 

From these experiments the following formula was deduced by Fairbairn : 

Let P = the collapsing-pressure in lbs. per square inch. 
/ = the thickness of the tube in inches. 
L = the length of the tube in feet. 
D =: the diameter of the tube in inches. 

/,x p_ 806300 X /8'i» 

For all practical purposes, it is sufficiently correct to use the square of the 
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thickness instead of the 2*19 power of the thickness, and the formula is 
simply as follows : — 

, V p_ 806300 X / ^ 

^'^ ^" LxD ' 

Example: Required the collapsing-pressure of a furnace-tube of 
wrought-iron J inch thick, 20 feet long, and 3 feet external diameter? 

Then ?2^3^JL:5 inch X jjnchjhick ^ ^^ ,^3 i„^h, the 

20 feet long x 36 mches diameter 

strength of this tube to resist collapsing pressure. 

Later investigations prove that this rule is approximately correct for long 
furnace-tubes, but it is not suitable for short tubes, and should not be used 
for tubes shorter than 18 feet. 

Mr. George Harrison gives a modification of Fairbairn's rule for 
determining the working pressure suitable for a furnace-tube, in which a 
factor of safety is employed varying with the length of the tube, as deter- 
mined by the following rule : — 



Factor of safety = \/^~- 



Length in feet. 
For instance, the factor of safety for the furnace-tube described in the: 

previous example is = V ~ 3'^7^> 

and the working pressure allowable on that furnace-tube is = 

280 Ibs^squareinch coll ^ ^^ square inch. 

3-872, the factor of safety, 

This rule may be expressed more simply as follows : — 

Let D = the diameter of the tube in inches. 

L = the length of tube in feet. 

/ = the thickness of the tube in 32nds of an inch. 
Working pressure in lbs. per square inch = 

''' "" ^L-xD- 
Applying this Xuie to the previous example it gives — 

45-3 X -.— — ^ ^ = 72 lbs. per square inch, 

y 20 feet X 36 inches 

or the same result as in the previous calculation. 

The following modification of Fairbaim's J^ule is sometimes used for- 
calculating the collapsing-pressure of furnace-tubes. 

Collapsing-pressure in lbs. per square inch = 
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3750^3 X thickness in inches * 
length in feet x diameter in inches. 

Example: Required the collapsing-pressure of a furnace-tube 20 feet 
long* 36 inches external diameter, and \ inch thick ? 

Then — ^ 3750^3 x '5 >< '5 —131 jbs. per square inch, 

20 feet long x 36 mches diameter 

the collapsing-pressure of this furnace-tube, 

Nystrom's Rule for calculating the collapsing-pressure of tubes subjected 
to external pressure is as follows : — 

Let D = the internal diameter of the tube in inches. 
L = the length of the tube in feet. 
/ = the thickness of the tube in inches. 

^ ., . . „ . , 200000 X /* 
Collapsmg-pressure m lbs. per square mch = =^^. 

Example : Required the collapsing-pressure of a furnace-tube of 3 feet 
external diameter, \ inch thick, and ten feet long ? 

^j^^^ 200000 X -5 XJ5 inch ^ ^^^ ^^^^ p^^ ^^^^ j^^l^^ 
36 X V 10 

the collapsing-pressure of this furnace-tube. 

Mr. Michael Longridge's formula for finding the collapsing-pressure of 
furnace-tubes is as follows : — 

Collapsing-pressure in lbs. per square inch = -^^ =-, 

In which D = the external diameter of the tube in inches. 
L = the length of tube in feet. 
/ = the thickness of the tube in inches. 

Example: Required the collapsing-pressure of a furnace-tube of 33 
inches diameter, | inches thick, and 15 feet long? 

Then 174000 X -375 x -375 inch thick ^ j^^^ ^^ .^^j^^ 

33 mches x y 15 feet 

the collapsing-pressure of this tube. 

Mr. Longridge's Rule for the working-pressure of steam-boilers of 
wrought-iron or mild-steel, expressed in terms of the strength of the furnace- 
tube, is as follows :— 

Let D = the diameter of the tube in inches. 
L = the length of the tube in feet. 
/ = the thickness of the tube in thirty seconds of an iiich. 

Working-pressure of boiler = ^ ^ . 

S.B.C. N 
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Example : Required the working-pressure for a steam-boiler with 
the furnace-tube described in the previous example ? 

Then — .50 x ^ .^_^-il^ — = 56 lbs. per square inch, the working- 
33 mches x V. 15 f^^^ 

pressure for this furnace- tube. 

For boilers with large circular fire-boxes of, say, about 5 feet diameter, 
such as are used in donkey-boilers of steam-ships, Mr. Longridge's formula 
is as follows : — 

Workinff-pressure = ^— ~ ^ , in which the notation is the same ' 

^^ yLxD L' 

as that in the previous formula. 

The Sesistaiice of a Fnmace-Tabe to chaage of form under 
external pressure, decreases as the length of the tube increases, therefore the 
collapsing-strength of tubes decreases as the length increases. 



X 






a=4 




Figs. 54-62.— Examples of collapsed furnace-tubes. 

The furnace-tubes of steam-boilers frequently become distorted by long 
^ear, and as the collapsing-strength depends greatly upon the roundness 
and stiffness of the tube, the furnace-tubes of old boilers are generally weak. 
The strength of old furnace-tubes cannot be accurately determined by 
•calculation, because the plates do not wear evenly and the thickness is not 
uniform, the sections of the tubes are seldom either fairly circular or 
symmetrical about the diametrical plane of the tubes, and there are 
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generally weak places due to diminution of stiffness from strains caused by 
unequal expansion and contraction. 

Furnace-tubes assume a variety of shapes in collapsing, a few of which 
are shown in Figs. 54 to 62. 

CoUapsixig-strength of Tarioiui fomui of Fumace-Tubos. — The 
collapsing-pressure of furnace- tubes of different forms, when composed of 
plates of good quality, may be found by the various rules given in the 
following pages, each of which has been deduced from the results of 
carefully-conducted experimental tests. 





Fig. 63. — Plain furnace-tubes. 



Fig. 64.— Fomaoe-tube with flanged 



The collapsing-pressure of plain furnace-tubes with either lap-jointed 
circumferential seams, as shown in Fig. 63, or with flanged seams as shown 
in Fig. 64, may be found by the following formula : — 

Let / = the thickness of the tube in thirty seconds of an inch. 
D = the external diameter of the tube in inches. 
L = the length of the tube in inches, or the length between the 

flanges of a tube with flanged seams. 
C = 600 for wrought-iron plates, and = 660 for mild-steel plates. 

Collapsing-pressure of a plain furnace-tube in lbs. per square inch = 

/g X C 
D X VT^* 

In the case of oval tubes, the diameter of the greatest circle of curvature 
is to be substituted for D in this formula. 

Example i : Required the collapsing-pressure of a plain furnace-tube of 
wrought-iron, as shown in Fig. 63, of ten feet in length, 32 inches external 
diameter, and f inch thick ? 

T'kz.^ 12 X 12 X 600 , |, . , 

Inen — - _^ = 246 lbs. per square mch, 

32 inches x v 120 inches 

the collapsing-pressure of this furnace-tube. 

£xample 2 : Required the collapsing-pressure of the furnace-tube of 
wrought-iron with flanged seams, shown in Fig. 64. The length between 
the flanges is 36 inches, external diameter of tube 36 inches, thickness of 
iube T^y inch ? 

N 2 
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Then 



14 X 14 X 600 



= 544 lbs. per square inch. 



36 inches x V 36 inches 

the collapsing-pressure of this furnace-tube. 

Steel possesses more stiffness than wrought-iron, but as the stiffness maj 
be impaired by overheating, and by strains due to unequal expansion and 
contraction, steel may be reduced in strength to the same level as iron. 
Therefore the collapsing-pressures of furnace-tubes of wrought-iron and 
mild-steel are frequently both calculated by the same rule. In that case 
the value of C will be 600 for both these metals. 

The results given by this formula agree very closely with the results of 
practical tests of plain tubes, as will be seen from the following Table, 
which contains in the last column a number of collapsing-pressures 
of furnace-tubes calculated by it, and also, for comparison, collapsing-pres- 
sures as found by experiment, and others calculated by Fairbaim's formula. 
No. 2. 

Table 43. — Comparison of Calculated Collapsing - Pressures with 
THE Results Obtained in Practical Tests of Plain Furnace- 
Tubes. 



Description. 


Dimensions of the Experi- 
mental Tubes. 


in Pounds per square inch. 


External 
Diameter 

in 
Inches. 


Length 

in 
Inches. 


Thickness 
in thirty- 

sejonds of 
an inch. 


As found 

by Fair- 

baim's 

Formula 

(a). 


As found 

Experi- 
ment. 

lbs. 

no 
99 
97 
127 

128 
450 

468 
390 

840 


As found 

by the 

Author's 

Formula. 

lbs. 
114 

113 
100 
119 

120 

436 

218 
490 
350 

842 


Tube tested by Fairbairn . 
Ditto, ditto 
Ditto, ditto 
Ditto, ditto 
Furnace-tube tested by the 
Chief-Engineer of United 
States Navy . . . 
Furnace - tube tested at 

Greenock 
Furnace tube-tested by Mi. 
Knight . . . . 
Ditto, ditto 
Ditto, ditto 
Furnace-tube tested at the 
works of Messrs. J. How- 
den & Co., Glasgow . . 


7-87 

335 
42 
42 

54 
38 

36 
43 


276 
360 
420 
300 

36 

86 

24 
24 

48 

23 


5 

II 
12 
12 

8 

16 

8 
12 
12 

17 


lbs. 
109 

81 

78 
108 

3" 

740 

700 
1568 
784 

2758 



Corrugated Fumace-Ta'bes. — Furnace-tubes formed with annular 
corrugations, as shown in Fig. 65, are much stronger to resist a collapsing- 
pressure than plain furnace-tubes, and are considerably more elastic. They 
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contain about 25 per cent, more heating-surface than plain tubes, when 
their surfaces are clean. The objection to these tubes is that, the corruga- 
tions are liable to become filled up with scale, when working with feed-water 
which deposits much sediment. 

The collapsing-pressure of cor- 
rugated furnace-tubes, with corru- 
gations i^ inches deep, shown in 
Fig. 65, may be found by the fol- 
lowing formula : — 

Let D = the greatest external 

diameter of the tube in 

inches. 
L = the length of the tube 

in inches. 
/ = the thickness of the tube in thirty seconds of an inch. 

Collapsing-pressure of a corrugated furnace-tube in lbs. per square inch = 

/* X 1200 

Example: Required the collapsing-pressure of a corrugated furnace- 
tube, 7 feet long, | inch thick, and 38 inches extreme external diameter ? 




Fig, 65.— Corrugated fum*ce-tube. 



Then 



16 X 16 X 1200 



38 inches x y 84 inches 



882 lbs. per square inch, the 



collapsing-pressure of this furnace-tube. 

Spirally corrugated Famaoe-Tubos. — The corrugations of these 
furnace-tubes are arranged in a 
spiral direction, shown in Fig. 
66, with the object of obtaining 
greater longitudinal strength 
than is obtained when the cor- 
rugations are placed vertically. 

The collapsing - pressure of 
spirally corrugated furnace- 
tubes, with corrugations i^ 

inches deep, may be calculated Fig. 66. -Spirally corrugated fumacc-tube. 

from the following formula : — 

Let D = the greatest external diameter of the tube in inches. 
L = the length of the tube in inches. 
/ = the thickness of the tube in thirty seconds of an inch. 

Collapsing-pressure of spirally corrugated furnace-tubes in lbs. per 
square inch = 




/2 



X 1 100 



D X V L* 
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Example: Required the collapsing-pressure of a spirally corrugated 
furnace-tube 36 inches extreme external diameter, 6 feet 6 inches long^ 
and \ inch thick ? 

Then ^-^-.^_-^A^_iI?? =: 886 lbs. per square inch, the collapsing- 
36 mches x V 78 

pressure of this furnace-tube. 




Fig. 67. — Ribbed fumace-tube. 

Sibbed Fumaoe-Tubes. — These furnace-tubes, shown in section in 
Fig. 67, are intended to combine the advantage of the longitudinal strength 
of plain furnace-tubes with the great resistance to a collapsing-pressure 
obtained in corrugated furnace-tubes. The collapsing-pressure of ribbed 
furnace-tubes, with ribs 9 inches apart, and not less than i^ inches high 
above the plain part of the tube, and with grooves under the ribs not more 
than f inch deep, may be found by the following formula : — 

Let D = the external diameter of the plain part of the tube in inches. 
L = the length of the tube in inches. 

/ = the thickness of the plain part of the tube in thirty seconds of 
an inch. 

Collapsing-pressure of ribbed and grooved furnace-tube:* in lbs. per 
square inch = 

/2 X 1350 
D X 2/L' 

Example: Required the collapsing-pressure of a ribbed and grooved 
fumace-tube 84 inches long, 38 inches external diameter of plain part of 
tube, thickness of plain part \ inch ? 

'nu 16 X 16 X 1^50 ^ |, . , 

Then -_-t- ,^. — ^^ . «= 99^ lbs. per square mch, 
38 mches diameter x y 84 ^^ * ^ 

the colkpsing-pressure of this fumace-tube. 
Coupressive Stress on Tumace-Tubss ftoiXL Collapsing Pressure. 

— The ultimate crushing or compressive stress to which a tube is subjected 
from a collapsing pressure may be found by the following formula : — 

Let D = the extemal diameter of the tube in inches. 

P = the pressure in pounds per square inch on the tube when it 

collapsed. 
/ = the thickness of the tube in inches. 
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The compressive stress in pounds per square inch of section of the tube = 

D X P 
/ X 2 

Example : Required the compressive stress per square inch of section of 
the tube described in the previous example, when collapse took place ? 

Then ^ <^ = 37696 pounds, the crushing stress on the tube per 

•5x2 

square inch of section of the tube at the moment it collapsed. 

Strengthening Fnmaoe - Tubes. — Plain furnace - tubes may be 
strengthened by flanged seams and anti-collapse hoop-seams. These seams 
are sometimes called expansive seams, but they are too rigid to permit ex- 
pansion, except of a trifling amount, and they are only effective in preventing 
collapse of the tube. Weak furnace-tubes may be strengthened by anti- 
collapse angle-rings. 

Adameon's Flanged Seam, shown- in Fig. 68, consists of external flanges 
formed on the ends of the belts of the tubes. A caulking-ring is placed 
between each flange and they are riveted together. This seam is elastic in 
a longitudinal direction, but it is very rigid circiimfer- 
entially, and the root of the flange should have a con- 
siderable radius, to prevent grooving from expansion and 
contraction. This radius should not be less than £ inch, 
but rather greater. 






Fig. 68. — Adamson's 
flanged seam. 



Fig. 69. — Anti-collapse hoop-seaoi. 



Fig. 70.— Strengthening^ 
ring. 



Anti-Cellapee Koop-Seanis are frequently employed to joint the belts 
of plates of a furnace-tube, as shown in Fig. 69. They give considerable 
strength to a tube to resist a collapsing pressure, but have the disadvantage 
of exposing the rivets of the joint to the fire. 

When several furnace-tubes are employed in a steam-boiler, the flanged 
seams, or hoop-seams, of one tube should be placed sufiiciently clear of 
those of the adjoining tube to prevent the harbourage of deposits of sediment 
or scale. 

Anti-CoUapee Angle-BingSf or strengthening rings, for the middle of a 
belt of plates of a long plain furnace, shown in Fig. 70, are generally formed 
of 3 inches x 3 inches x \ angle-iron or angle-steel. A water-space of not 
less than i inch deep is formed by ferules placed under the ring, through which 
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the rivets pass that secure the ring to the furnace-tube. The thickness of 
the ferules is generally -^^ inch, and the pitch of the rivets is about 6 inches. 

Rings of tee-section have been employed in some cases for this purpose, 
but they are very rigid, and inferior to angle-rings, which, being narrower, offer 
less resistance to the escape of steam-bubbles generated under the ring. 

Anti-collapse angle-rings are liable to harbour sediment and scale, and 
they are troublesome to keep clean. They are only employed to give support 
to weak furnace-tubes. 

Varioiufoniui of Furnace-Tabes. — ^There are numerous special forms 
of furnace-tubes, a few of which may be briefly described as follows : — 





Fig. 73.— BosweH'f furnace-tube. 



Fig. 71.— Paxman's funiace-tube. 

a's Fnmace-Ta'besy showTi in Fig. 71, consist of welded belts, 
or sections, bell-mouthed at each end. Each section has a large and a small 
bell-mouth, the small end of one fitting into the large end of the other. 
The inner plate edges are turned away from the fire, and the rivets are 

well removed from injurious 
action of flame. This seam 
gives stiffness to the tube 
circumferentially, and favours 
elasticity longitudinally. 

Boewell's Cone -Belt 
Fnmaoe-Tnbey shown in 
Fig. '^2, consists of taper 
rings or belts, with the small 
ends flanged outwardly, and 
the large ends flanged in- 
wardly. The taper is suflScient 
to allow the whole tube to 
pass inside the angle-ring on 
the end-plate of the boiler, 
so that, in case of repairs, the 
furnace-tube can be with- 
drawn from the boiler with- 
out removing the front end- 
plate. 

Kawkesley Wild's Fnr- 

naoe-Tube, shown in Fig. 

73, is formed of alternate 

large and small rings or belts 

Fig.74.-AraoWffun1ace.tube. of plates. The ends of the 




F'g. 73.— Hawkesley Wild's furnace-tube. 
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small belts are enlarged to fit into the ends of the large belts, and they are 
riveted together. A certain amount of elasticity is imparted to the tube 
by the curved enlargement at the ends of the small belts. 

Arnold's Fnmaoe-Tubef shown in Fig. 74, consists of rings or belts of 
plates of convex form, joined with flanged seams. This form is adopted 
with the view of obtaining circumferential strength. 





Fig. 75.— Midgeley's fumaoe-tnbc 



Fig. 76.— Corrugated furnace-tube with plain part 
for cross-tubes. 



Xidgelay's Tumace-Tabo, shown in Fig. 75, consists of inverted 
expansion-hoops, riveted between the belts of plates forming the furnace- 
tube, for the purpose of giving elasticity to the tube ; and also of causing 
the current of the fuel-gases to be broken up by contact with the convex 
surface of the hoop projecting into the tube. 

Special Tnmace-Ta'bes. — A. corrugated furnace-tube formed with plain 
parts spaced suitably for the insertion of Galloway-tubes is shown in Fig. 
76. The plain parts are of the same external diameter as that of the 
corrugations. 





Fig. 77.— Corrugated hoop-seam. 



Fig. 78. — Corrugated hoop flanged-seam. 



A furnace-tube with corrugated hoop-seams is shown in Fig. 'j'j, A 
corrugated hoop is inserted between belts of plain plates and joined ^ ith 
riveted lap-joints. A furnace-tube with corrugated hoop-seams formed 
with flanges to join belts of plain plates is shown in Fig. 78. 

CoUapsiiig-Fressiire of Cylindrical Fire-Bozes of Vertical Steain- 
Boiieni. — ^The collapsing pressure of the fire-box of a vertical boiler fitted 
with cross tubes as shown in Fig. 79, may be estimated by the following 
formula : — 
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Let / = the thickness of the fire-box in thirty-seconds of an inch. 
D = the external diameter of the fire-box in inches. 
H = the height of the fire-box in inches. 
C = a constant vaiying as follows : — 

C = 330 for wrought-iron plates, and = 
363 for mild-steel plates, for fire-boxes with 
single-riveted lap-jointed vertical seams, and 
punched rivet-holes. 

C = 380 for wrought-iron plates, and = 420 
for mild-steel plates, for fire-boxes with 
double-riveted lap-jointed vertical seams, and 
punched rivet-holes. 

C = 4 10 for wrought-iron plates, and = 450 
for mild-steel plates, for fire-boxes with single- 
riveted lap-jointed vertical seams, or single- 
riveted single butt-straps, and drilled rivet- 
holes. 

C = 440 for wrought-iron plates, and = 485 

for mild-steel plates, for fire-boxes with 

double-riveted lap-jointed vertical seams, or 

double-riveted single butt-straps, and drilled 

rivet-holes. 

C = 470 for wrought-iron plates, and = 520 for mild-steel plates, for 

fire-boxes with single-riveted double butt-jointed vertical seams, and drilled 

rivet-holes. 

C = 490 for wrought-iron plates, and = 540 for mild-steel plates, for 
fire-boxes with double-riveted double butt-jointed vertical seams, and drilled 
rivet-holes. 

C = 500 for wrought-iron plates, and = 550 for mild-steel plates when 
the vertical seams are welded. 

Collapsing pressure of a vertical circular fire-box fitted with cross-tubes, in 
pounds per square inch, = 

/' X C 
D X V h' 

Example : The fire-box of a vertical boiler is 5 feet in diameter, and 6 
feet 6 inches high, and formed of mild -steel plates, -jL. inch thick, with 
double-riveted lap-jointed vertical seams, and drilled rivet-holes. Required 
the collapsing pressure } 

Then, the fire-box is 14 thirty-seconds thick, and, 

485 



Fig. 79. — FirC'box of vertical boiler. 



14 X 14 X 



= 180 pounds per square inch, 



60 inches X V 78 inches 
the estimated collapsing pressure of this fire-box. 

A large fire-box of this form is very weak to resist collapsing pressure,, 
and should be strengthened by stays. 
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%\hich results from finishing the metal at a red-heat and allowing it to cool 
in the open air. When a tensile stress is applied exceeding the natural 
elastic limit, a new elastic limit is formed, equal to, and sometimes exceed- 
ing, that stress. In this manner a new elastic limit may be formed any- 
where up to nearly the tensile strength, showing that little importance can 
be attached to the elastic limit, unless it is known how it is formed. 

The elastic limit may be found to range from about 40 per cent, of the 
tensile strength of the metal up to nearly its tensile strengtii, according to 
the previous manipulation *of the metal, or the influence of its chemical 
composition. The natural elastic limit of a metal may be elevated by cold- 
rolling, cold-hammering, cold-stretching, and wire-drawing. 

The Tensile Strength of a Ketal is the resistance offered by it to 
being pulled asunder. It represents a load, which after being applied has 
been gradually increased until it produced rupture. The tensile strength 
of metal is influenced by previous mechanical treatment, and the same 
treatment which causes an elevation of elastic limit may also cause an 
elevation of tensile strength. 

The tensile strength of steel-plates increases with the amount of work 
done on them in the process of manufacture. For instance, a piece of mild- 
steel of 1 1 inches thickness, having a tensile strength of 24 tons per square 
inch, was reduced in thickness by rolling* when hot, when the tensile 
strength varied with the thickness to which the plate was rolled down, as 
follows : — 

Thickness of plate in inches . . I5, i\, i, f, |, f, j\ 

Tensile strength in tons per square inch 24, 25-3, 267, 27*5, 28*6, 30, 31*3 

Showing that the effect of rolling down the metal to about one-fifth of its 
original thickness, was to increase its tenacity by about one-third. 

In another case, a piece of mild-steel plate J-inch thick, having a tensile 
strength of 28 tons per square inch, and an elongation of 21 per cent, in 
8 inches, was rolled down to f-inch thick, when the tenacity became 
about 31 tons per square inch, and the elongation was 19 per cent, in 
8 inches. 

Elongation nnder Tensile Stress is displayed by a metal between the 
load at the elastic limit and its tensile strength. The maximum elongation 
ranges from less than i per cent, in cast-iron and hard steel, to about 30 
per cent, in soft wrought-iron and mild-steel. Treatment which elevates 
the elastic limit and tensile strength of a metal, detracts from its power 
of elongation. 

Contraction of Area nnder Tensile Stress begins after the elastic 
limit is reached. The section contracts rapidly as elongation proceeds. 
Contraction of area occurs locally after the maximum load has been passed, 
and marks the place where rupture is made. The nature of the broken 
surface is fibrous in ductile iron, silky in ductile steel, and granular in 
brittle metal. 
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. <6si-Beqiiirements of thm OoTerning AuthoritUs for Steel- 
Tlatas, Anglos and Too-bam. — The test requirements of the various 
governing authorities are briefly summarised in the following paragraphs. 
In each case there is written after the words Tensile test the limits of tensile 
strength between which the material is required to break, together with 
the minimum elongation per cent, after fracture, which will be accepted 
as a guarantee of ductility. The parallel length over which the elongation 
is calculated is also given. 

The normal tensile test-piece consists of a shearing, say 20 inches by 2 
inches, cut from the plate or bar, and afterwards machined to the form 
shown in Fig. 80. The part A B is made parallel, and is generally 8 
inches long. In view of the great amount of. testing which has to be done, 
uniformity of length is desirable. One and a half inches is a convenient 
width for the parallel portion. 



Fig, 80.— Test-piece. 

The. bending test-pieces are usually shearings 9 inches by 2 inches or 
thereabout. The radius of the curve to which the test-piece is required 
to bend without fracture is usually stated in terms of the thickness of the 
piece. The tests may consist of either cold or temper bends. In the 
first case the shearings are bent in the condition in which they are when 
taken from the plate ; but in making the temper-test the shearing is, before 
bending, heated to a dull cherry-red, and cooled in water having a tem- 
perature of 82° Fahr. 

All plates and angles are numbered consecutively in the order of rolling 
at the steel -works, and this distinguishing number is stamped on the 
finished plate or bar, and also on the tensile and bending test-pieces. By 
means of this number, it is possible at any time to trace the behaviour of 
the plate when tested, its composition, the charge from which it was made, 
the date of manufacture, dimensions, weight, appropriation-marks and 
general order number. 

Britiflli Admiralty Test-Bequirements. — Boiler Plates, Tensile test. 
— Internal plates exposed to flame 24 to 26 tons. Shell-plates 26 to 30 
tons per square inch, with an elongation of 20 per cent, in a length of 8 
inches. 

Bending Test. — Strips cut crosswise or lengthwise i\ inches wide, 
heated uniformly to a low cheriy-red, and cooled in water of 82° Fahr., 
must stand bending in a press to a curve of which the inner radius is 
one and a half times the thickness of the steel tested. 

The ductility of every plate, and bar, is to be ascertained by the applica- 
tion of one or both of these tests to the shearings, or by bending them cold 
by the hammer. One plate to be taken for testing from every invoice. 
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provided the number of plates does not exceed fifty. If above that 
number, one for every additional fifty or portion of fifty. Steel may be 
r eceived. or rejected, without a trial of every thickness on the invoice. 

Board of Trade Test-Beqnirenients. — Tensile Test. — Furnace-plates, 
and plates exposed to fiame, 26 to 28 tons per square inch, with 20 per 
cent, elongation in 10 inches. Shell-plates and plates not exposed to 
flame, 27 to 32 tons per square inch, with 20 per cent, elongation in 10 
inches. 

A tensile test is required from every plate. Twenty-five per cent, of these 
tests are made in presence of a Board of Trade surveyor, the others are made 
by the steel-makers. The tensile strength and elongation are stamped on 
every plate. The letters B.T. are also stamped on all plates passed by 
the Board of Trade surveyor. 

Bending Test, — From every plate exposed to fiame a shearing is taken, 
heated to a low cherry-red, and cooled in water of 82** Fahr, It must 
then stand bending to a curve, the inner radius of which is equal to one 
and a half times the thickness of the plate. 

In the case of shell-plates and plates not exposed to fiame, a test-piece 
is taken from each plate and bent cold to a curve,, the inner radius of 
which is equal to one and a half times the thickness of the plate. All 
bending tests are made in the presence of the surveyor. 

Lloyda-Begister Test-Bequiremdnta. — Tensile Test. — Boiler-plates, 
26 to 30 tons per square inch, and 20 per cent, elongation in 8 inches. A 
tensile test is taken by the surveyor from every charge or cast from which 
the plates are made. 

Bending Tests. — A temper-bend is taken from every plate and bar, and 
tested in the presence of the surveyor. The test-pieces are heated to a low 
cherry-red, and cooled in water of 2>2^ Fahr. They must then stand 
bending to a curve, the inner radius of which is one and a half times 
the thickness of the piece. 

All plates passed by Lloyd's surveyors are branded, ^ 

Bnreau-Veritaa Teat-Beqnirementa. — Tensile Test. — Boiler-plates, 
and angles, 27 to 32 tons per square inch, with 20 per cent, elongation in 
8 inches. 

Bending Tests, — ^Temper-tests are taken from each piece, and bent in 
the presence of the surveyor. The pieces are heated to a low cherry-red, 
cooled in water of 82° Fahr., and bent to a curve, the inner radius of 
which is one and a half times the thickness of the piece. 

All plates passed by the Bureau Veritas surveyors are branded, ^ 

The above described tests by the several governing authorities refer to 
materials used in the construction of marine-boilers. They are the only 
compulsory tests existing for this purpose. 

General Physical Testa of Materials. — ^AII materials used in the 
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construction of steam-boilers should be of the best quality of their respective 
kinds, carefully inspected and subjected to the tests given in the following 
pages:— 

Tensile Strength of Bar-Iron, — ^AU round, flat, or square bars of 
wrought-iron should be capable of sustaining an ultimate tensile stress of 
22 tons, or 49280 lbs., per square inch, with an elastic limit of 25000 lbs. 
per square inch, and a minimum ductility, measured by elongation, of 20 
per cent. 

Tensile Strength of Iron-Stays and Bolts, — ^Wrought-iron stays and bolts 
should have an ultimate tensile strength of 23 tons, or 5 1520 lbs., per square 
inch, with an elongation of not less than 20 per cent. 

Tensile Strength of Mild-Steel Stays and Bolts, — Steel for stays, studs^ 
and bolts, should have an ultimate tensile strength of not exceeding 27 tons, 
or 60480 lbs., per square inch, with an elongation of not less than 20 per 
cent. 

Tensile Strength of Rivets, — Iron-rivets should be of good charcoal-iron, 
having an ultimate tensile strength of from 24 to 25 tons per square inch, with 
an elongation of not less than 30 per cent. Steel-rivets should be of soft 
mild-steel, having an ultimate tensile strength of from 28 to 30 tons per 
square inch, with an elongation of not less than 30 per cent. 

Wrovght-Iron BoileisFlates should be soft, ductile, of good quality, 
and free from laminations, blisters, and defects. At least one plate of every 
boiler should be 3 inches longer than the required size, from which a test- 
strip should be cut and tested. The piece so tested should have an ultimate 
tensile strength in the case of ordinary plates of 21 tons, or 47040 lbs., per 
square inch along the grain, and 18 tons, or 40320 lbs., per square inch 
across the grain : and show a ductility, measured by elongation, of not less 
than 10 per cent, in 8 inches. 

Plates of best Yorkshire iron should have a tensile strength along the 
grain of not less than 23 tons, or 51520 lbs., per square inch, and 20 tons, 
or 44800 lbs., per square inch across the grain, with an elongation of not 
less than 15 per cent, in 8 inches. They should admit of being bent hot to 
an angle of 125® with the grain, and to an angle of 100® across the grain. 

The tensile strength of wrought-iron boiler-plates varies considerably. 
The following are the results. of tests of plates, by different makers, of the 
ordinary quality used for boiler-shells. 

Tensile strength of wrought-iron boiler-plates along t^e grain : — 

20*00 tons per square inch, or 44800 lbs. per square inch. 

20-6o „ 

20-83 „ 

21-00 „ 

2X-i6 „ 

21-50 .» 

22-00 „ 

22-24 » » 

S.B.C. 



46144 


» ) 


46659 


» 9 


47040 




47398 




48160 




49280 




49818 
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The tenacity of the plates across the grain, is on an average xo per cent, 
dess than that along the grain. 

Weight of Wrovght-Zron Plates. — The weight of a cubic foot of 
•wrought-iron is = 480 lbs. 

The weight of one square foot of wrought-iron in lbs. = thickness of plate 
in sixty-fourths of an inch multiplied by '625. 

The weight of one square foot of wrought-iron in lbs. = thickness of plate 
an thirty-seconds of an inch multiplied by 1*25. 

The weight of one square foot of wrought-iron in lbs. = thickness of plate 
lin sixteenths of an inch multiplied by 2*5. 

The weight of one square foot of wrought-iron in lbs. = thickness of plate 
in eighths of an inch multiplied by 5. 

The weight of one square foot of wrought-iron plate of different thickness 
is given in the following Table : — 

Table 44. — ^Weight of One Square Foot of Wrought-Iron Plate. 



Thickness of Plate. 
Inch. 


i Weight of X Square Foot 
1 in lbs. 


' Thickness of Plate. 


Weight of I Sqnare Foot 
in lbs. 




Inch. 




3 


7-5 


' i 


25-0 


i 


lo-o 


u 


27-5 


5 


"•5 


i 


30"0 


i 


15-0 


! ii 


325 


iV 


1 17-5 


i 


35'o 


i 


20-0 


H 


375 


tV 


225 


I 


40-0 



The length of a boiler-plate in feet multiplied by its width in feet, and by 
the weight of a square foot of plate of the required thickness, from the above 
table, will give the weight of the plate in lbs. 

Mild-Steel BoUeisFlates. — ^Mild-steel is the best material for boiler- 
plates, being ductile, homogeneous, and free from laminations, but it is a 
much more delicate material to work than wrought-iron, and it will not bear 
rough treatment without injury. It should be worked at either a red-heat or 
•quite cold, and not at a blue-heat. In welding, it should be pushed or 
pressed and not flogged together. During the process of bending a plate, it 
should be pressed into shape and not driven by blows. 

Local hammering of a hot-plate may cause the formation of hard knots of 
condensed metal, which behave differently in cooling to the surrounding un- 
injured metal, and develop into cracks when the plate is cold. Plates may 
fail from the presence of initial strains, resulting from inequality of cooling 
when the steel is in the process of manufacture, and also from the effects of 
punching or shearing, and hammer-blows on the cold metal. These injuries 
may generally be corrected and the plates rejuvenated by annealing* They 
should be heated to a blood-red heat in a furnace, and allowed to cool 
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gradually. The cooling is best effected by allowing the fire of the furnace 
to die out, the plates remaining in the furnace until quite cold. 

All plates should be soft and ductile, and free from cracked edges and 
other defects. A test-strip taken from each plate should have a tensile 
strength of about 28 tons, or say 63ocx> lbs., per square inch, with an elon- 
^tion of not less than 20 per cent, in 8 inches. Plates should not be used 
if the test shows a tensile strength less than 26 tons, or 58240 lbs., per square 
inch ; or greater than 30 tons, or 67200 lbs., per square inch, or if the elon- 
gation is greater than 30 per cent. 

The elongation may vary with the thickness of the plate as follows : — For 
plates up to f inch thick, the elongation may be 20 per cent. ; for plates 
from iV ^o I inch thick, 22 per cent. ; and for plates above f inch thick, 25 
per cent. 

The tenacity of mild-steel boiler-plates varies considerably. 

The following are the results of a number of tests of good plates of the 
quality generally used for boiler-shells. 

Tensile strength of mild-steel boiler-plates : — 

26*23 tons, or 58756 lbs. per sq. inch, with an elongation of 24*5 per cent, 

239 
25-4 

245 
26-6 
258 
237 

24*1 

23-3 

The elongation wis taken in a length of 8 inches. The tenacity was the 
same both lengthways and crossways of the plates. 

The reduction of area at the point of fracture of the test-piece varied from 
45 to 61 per cent. 

It is difficult to measure the reduction of area of a test-piece accurately, 
and it is unreliable and of little or no value as an indication of the quality of 
a material. 

Analysis of Mild-Steel Boiler-Flatee.— The strength of mild-steel 
is influenced by its chemical composition. The nature and quality of steel 
depends largely upon the percentage of constituent carbon. 

The average analysis of a number of mild-steel boiler-plates by different 
makers, is given in Table 45 as representative examples of the quality 
used for boiler-shells. 

In addition to these constituents, the plates frequently contain from 'oi to 
'03 silicon, and '05 copper. It is essential to durability that the plates 
contain the smallest possible amount of phosphorus and sulphur. 

02 



26-88 




60012 


27-20 




60928 


27-45 




61488 


27-70 




62048 


28-12 




62989 


28-30 




63392 


28-57 




64000 


28-68 




64244 


29-00 




64960 
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Table 45. — Analysis and Strength of Mild-Steel Boiler-Plates. 



Chbhical Composition. 


Tbhsilb Stkbhgth. 


• 

Elongation in a 
Length of 8 inches. 


Carbon. 




Sulphur. 


Manganese. 


In Tom per 
Square Inch. 


In lbs. per 
Square Inch. 














Per Cent. 


•170 


•041 


•040 


•58 


29-14 


65274 


27 


•166 


•037 


•040 


•56 


* 2875 


64400 


26 ; 


•161 


•038 


•034 


•57 


28-62 


64109 


26 


•149 


•034 


•042 


•57 


28-20 


63168 


*l 


•158 


•035 


•037 


•55 


28-31 


63415 


26 1 


■'55 


•036 


•035 


•53 


28-10 


62744 


25 


•148 


•032 


•030 


■52 


27-80 


62270 


24 


•160 


•039 


•024 


•47 


27-68 


62000 


28 , 



Analysis of Mild-Steel for Tire-Boxes. — ^The following is an 
analysis of good mild-steel for fire-boxes : — 

Carbon 'lo, phosphorus -005, sulphur none, manganese -30, silicon "014. 
Its tensile strength is 25 tons, or 56000 lbs., per square inch, with an elon- 
gation of 35 per cent, in 8 inches. 

Tests of other steel used for fire-boxes show a tensile strength of from 
59000 to 68000 lbs. per square inch, with an elongation of a little more than 
30 per cent. 

Flanging-Steel. — Steel-plates which require to be flanged, should have 
a tensile strength of from 56000 to 63000 lbs. per square inch, with an 
elongation of not less than 25 per cent. The steel should be flanged at a 
good red-heat, and should not be worked after it has cooled to less than a 
cherry-red heat in daylight. After flanging, the steel should be annealed 
by heating the whole plate uniformly to a dull-red heat and allowing it to 
cool slowly. 

Bonding-Tests for Steel Boiler-Plates. — A piece of boiler-plate^ 
not less in length than twenty times the thickness of the plate, should be 
capable of being bent double and hammered down 
upon itself when cold, as shown in Fig. 81, without 
fracture, when its thickness does not exceed | inch. 
Plates above that thickness should admit of being 
bent round a mandrel, of a diameter equal to one-and- 
a-half-times the thickness of the plate, as shown in 
Fig. 82, without showing signs of distress. If the 
bent edge shows any marks or roughness, which appear 
under a magnifying-glass to be a series of incipient 
cracks, the plate may be considered to be defective. 
Weight of Mild-Steel Plates. — ^The weight of a cubic foot of Siemens 
mild-steel is = 490 lbs. 

The weight of one square foot of mild-steel in lbs. = thickness of plate in 
sixty-fourths of an inch multiplied by '638. 



D 



Fig. 8z.— Bending-test. 



►) 



Fig. 8x~Bending-test. 
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The weight of one square foot of mild-steel in lbs. = thickness of plate 
in ihirty-seconds of an inch multiplied by r2'/6. 

The weight of one square foot of mild-steel in pounds = thickness of plate 
in sixteenths of an inch multiplied by 2*552. 

The weight of one square foot of mild-steel = thickness of plate in eighths 
of an inch multiplied by 5*104. 

The weight of a square foot of mild-steel plate of different thickness is 
given in the following Table : — 

Table 46. — ^Weight of One Square Foot of Mild-Steel Plate. 



Thickness of PUte. 


Wei«rht of I Square Foot 
in Ibik 


ThidcDCMorPkte. 


Weight of I Sqtiara Foot 
in lbs. 


' Inch. 




Inch. 


1 


1 -i 


I0'208 


H 


38-280 


A 


12760 


1 


40833 


i 


15-312 


'tV 


43-385 


1 tV 


17864 


H 


*IW 


i 


20*416 


xA 


48-489 


' ^ 


22-968 


H 


51-041 


1 


25-520 


ItV 


53'593 


1 ^ 


28-072 


I* 


56-145 


' i 


30-624 


i-iV 


58-697 


-H 


33176 


H 


61249 


i 


35728 


ItV 


63-801 



Weight of Angle-Bam and Tee-Bam of Wrovght-Zron and Mild- 
SteeL — The weight of angle-bars and tee-bars by different makers, varies 
considerably. The average weight of these bars may be found by the 
following Joules : — 

Weight of I foot in length of angle-iron and tee-iron in pounds. J^uie : 
Add the outside widths of the flanges in inches together, from the sum subtract 
the thickness of one flange in inches, multiply the remainder by the 
thickness, and by 3*36 for iron, and by 3*429 for mild-steel, the product is 
the weight of i foot in length of the bar in pounds. When the flange is 
taper, the mean thickness is to be measured. 

Example: Required the weight of i foot in length of angle-iron 3x3x^1 
and also the weight of i foot in length of the same size of angle-steel. 

Then (3 -h 3) — -5 = 5*5 x '5 x 3*36 = 9-24 lbs., the weight of i foot in 
length of the angle-iron. 

And (3 + 3) — '5 = 5*5 x -5 x 3*429 = 9*43 lbs., the weight of one 
foot in length of the angle-steel. 

Length of Angle-Bar required to make an Angle-Bing, or Hoep. 
— ^The length of bar required to form an angle-ring of a given diameter 
varies with the temperature at which the bar is worked, and with the method 
of bending it. 

The length of bar required to make angle-hoops of the sizes generally 
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used in boiler work, may in a general way, be determined by the following^ 
Rules :— 

The length of bar required to form an outside angle-hoop, as shown in 
Fig. 83, may be found by this Rule: — 

Add the thickness of the bar in inches to the width in inches, multiply 
the sum by '45, add the internal diameter of the hoop in inches to the pro- 
duct, and multiply by 3*i4i6 : the product divided by 12 will give the length 
of the bar in feet required to make the hoop. 

In some sections of angle-bars it is more correct to use a multiplier of 
•4 with the above rule than '45, and in others '5 gives more correct results. 
Hence, the average multiplier is •45. 

When the angle-bar has flanges of unequal widths, the width of the flange 
forming the end or base of the ring is to be measured. 

Example : Required the length of angle-bar of 3 x 3 X | inch, to form 
an outside hoop of 5 feet internal diameter ? 

Then, 3 inches wide + '5 inch thick =:3'5 X •45 = i'S75H-6o inches 
internal diameter = 61*575 x 3*1416 = 193*44 inches circumference -7- 12 
= 16 feet i-j2y inches circumference, or the length of bar required to form this, 
hoop. 
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Fig. 83.— Outside angle-hoop. Fig. 84.— Inside angle-hoop. 

The length of bar required to form an inside angle-hoop as shown in Fig, 
84 may be found by this Rule : — 

Add the thickness of the bar in inches to the width in inches, multiply 
the sum by '45, subtract the product from the outside diameter of the hoop, 
and multiply by 3*1416 : the product divided by 12 will give the length of 
bar in feet required to form the hoop. 

Example: Required the length of angle-bar 3 X 3 X |inch required to 
form an inside hoop of 6 feet external diameter. 

Then, 3 inches wide 4- '5 inch thick = 3-5 x "45 = 1*575, and 6 feet x 
12 = y2 inches external diameter — 1*575 = 70*425 x 3*1416 = 221*247 
inches circumference -r- 12 = 18 feet 5^ inches circumference, or the 
length of bar required to form the hoop. 

The length of angle-bar required to form hoops is frequently determined 
by the followmg Rules : — 

To find the length of bar for an outside angle-hoop. Rule: To the 
internal diameter of the hoop add twice the thickness of the root of the 
angle, multiply the sum by 3*1416, and divide the product by 12; the 
quotient will be the length of bar in feet. 

To find the length of bar for an inside angle-hoop. Rule : From the 
external diameter of the hoop subtract twice the thickness of the root of the 
angle, multiply the remainder by 3*1416 and divide the product by 12; the 
quotient will be the length of the bar in feet. 
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For instance, the length of bar required to form an outside angle-hoop of 
2 feet loj inches internal diameter, the thickness at the root of the angle 
being J- inch, is = 34*25 inches diameter + ('875 x 2) = 36 inches X 
3-1416 -2- 12 = 9 feet 5tV inches. 

Length of Bar or Plate to form a Plain BIng or Koop. — ^The 
length in feet of bar or plate to form a plain ring, may be found by adding 
the thickness of the bar or plate to the internal diameter of the ring in inches,, 
multiplying the sum by 3'i4i6 and dividing by 12. If the external 
diameter be given, subtract the thickness of the bar or plate from the diameter^ 
multiply the remainder by 3*1416, and divide by 12; the quotient will be the 
length of the bar or plate in feet. 

Copper for Fire-Boxes. — ^The fire-boxes of locomotive boilers are gene- 
rally made of copper, but they are in some cases of mild-steel. Copper 
possesses great heat-enduring properties and a high conductivity. It is less- 
liable to blister, and suffers less injury from overheating, than mild steel, 
although it is sooner reduced in tenacity by overheating than the latter metaL 

Copper for fire-box-plates, rivets, and stud-stays, should be of best quality, 
having a tensile strength of not less than 34,cx)o lbs. per square inch, with an 
elongation of not less than from 20 to 25 per cent. It should contain 99 J 
per cent, of pure copper, or only | per cent, of impurities. 

A test-piece cut from a plate or bar should admit of being bent double 
without showing any signs of cracking. 

The weight of i cubic foot of fine copper is = 558 lbs. 

The weight of i square foot of copper-plate in pounds is = thickness of 
plate in sixty-fourths of an inch multiplied by *7265. 

The weight of i square foot of copper-plate in pounds is = thickness of 
plate in thirty-seconds of an inch multiplied by 1*453. 

The weight of i square foot of copper-plate in pounds is = thickness of 
plate in sixteenths of an inch multiplied by 2*906. ' 

The weight of i square foot of copper-plate in pounds is =: thickness of 
plate in eighths of an inch multiplied by 5*812. 
' The weight of a square foot of copper-plate of different thickness is givea 
in the following Table : — 

Table 47. — ^Weight of One Square Foot of Copper-Plate. 



ThidntuofPbkte. 


Weight of X Square Foot 
in lbs. 


Thicknen of Plate. 


Weight of t Square Foot 
in lb.. 


Inch. 




Inch. 




A 


8718 


1 


29-060 


i 


11-624 


H 


31-966 


A 


14-530 


i 


34-872 


1 


17-436 


if 


37778 


A 


20-342 


i 


40-684 


i 


23-248 


a 


43-590 


T% 


26154 


1 


46-496 
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Copper-plates for locomotive fire-boxes are generally \ inch thick. 

Bhearing-Strengtli of Xetols. — The shearing-strength of a metal is the 
resistance ofiFered by it to being severed or cut through by detrusion. 

The ratio of the shearing-strength to the tensile-strength of metals 
is on an average as follows : — 

Per cent. 

The shearing-strength of wrought-iron of best 

quality averages 84 of its tensile strength. 

The shearing-strength of wrought-iron of good 

medium quality averages .... 80 „ ,, 

The shearing-strength of wrought-iron of 

common quality averages • • • 75 » >i 

The shearing-strength of mild-steel of best 

quality averages 82 „ „ 

The shearing-strength of mild-steel of good 

average quality averages .... 80 „ „ 

The shearing-strength of mild-steel of hard 

quality averages 67 „ „ 

The shearing-strength of cast-iron of good 

quality averages 38 „ „ 

The shearing-strength of metals of a hard and brittle nature is very low 
and variable. 

Strength of Metals at different Temperatures. — The tenacity 
of metals is considerably diminished at high temperatures. Alloys are 
very unreliable when heated, as they suffer considerable diminution in 
strength at moderately high temperatures. It is, therefore, important to 
know at what temperatures the strength of different metals is seriously 
impaired. 

A series of experiments on the strength of metals at various temperatures 
were made by the Admiralty, the principal results of which are given in 
Table 48. 

In these experiments, all the mixtures of metals composing the gun- 
metal suffered a gradual but slight loss of strength and ductility up to a 
certain temperature, at which a great change took place, the strength being 
reduced to about one-half the original, and the ductility ceased. At 
temperatures above this point lip to 500° Fahr. there was little further 
loss of strength. The temperature at which this change took place varied 
even with the same composition of metal. 

The precise temperature at which this great change and loss took place, 
was found to be about 370° Fahr. in test number i, and at little over 
250° Fahr. in test number 2. 

Phosphor-bronze was less affected by temperature than gun-metal, and at 
500° Fahr. retained more than two-thirds of its strength and one-third its 
ductility. Copper was not much affected in strength up to 350^ and the 
loss of strength at 500° Fahr. was not serious. 
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Tablk 48. — ^Tenacity of Various Metals at different 
Temperatures. 
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Wrought-iron increased in strength up to 500° Fahr., but lost slightly 
in ductility up to 300° Fahr., where it began to increase, and continued up 
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to 500°. The strength of the steel was not affected by temperature up to 
5CX)° Fahr., but its ductility was reduced more than one half. 

General Eifeot of Temperature on Metals. — There is considerable 
variableness in the temperatures at which the strength of metals becomes 
seriously impaired, even when of the same quality and strength. The 
effect of temperature may in a general way be averaged as follows : — 



Description of meuL 

Brass, cast 
Gun-metal . 
Copper . 
Mild-steel . 
Wrought-iron 
Cast-iron 



Temperature at which the 
metal changes, and either 
suddenly wealcens or be- 
s brittle. 



250 (Fahr.) 

300 
450 

560 
600 
630 



Dangerous temperature^ 

or that at which there 

b a great reduction ia 

the tenacity of the metal 

o 

350 (Fahr.) 

400 

800 

750 

820 

860 



A great change takes place in all descriptions of iron and mild-steel 
at a temperature of about 630° Fahr., and they either become weak or so 
brittle as to be easily broken by a sudden stress or blow, without bending. 
All descriptions of gun-metal become materially changed, and more or less 
rotten or brittle, at a temperature of about 400* Fahr. 

Joints or Seams of the Plates of Steam-Boilers. — ^Joints or seams 
of cylindrical shells are formed either by welding or riveting. 

Welded Joints. — A welded seam makes the neatest form of a joint. A 
carefully welded joint is frequently considered to be as sound and strong 
as the solid plate, but this is seldom the case, and the strength of welds is 
very variable. The strength of a welded seam, however carefully and 
excellently made, is generally aSout 5 per cent, less than that of the solid 
plate. It is frequently only 50 per cent., and probably averages, in a 
general way, 70 per cent, of the strength of the plate ; but a good weld 
should sustain 80 per cent, of the strength of the solid bar. 

The Bivet-holes of Biveted-Joints are made either by punching or 
drilling. The tenacity of a plate is reduced by punching, but is not 
affected by drilling, unless the work is badly done and the drill tears 
instead of cuts the metal. 

Pnnohes and Dies, when employed for forming the rivet-holes of the 
joints of plates, have very little variety. A punch with a plain end or face is 
shown in Fig. 85. Another form of punch with a centre-point on the face 
is shown in Fig. 86. The centre-point enables the centres of the holes 
marked on the plate to be found readily, and ensures greater accuracy of 
work than is obtainable with a punch having a plain face. 

Punches are made slightly larger in diameter at the face than higher up 
the shank, and the face is generally formed slightly concave to make a. 
clean cut and a smooth hole. 
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A punch with a helical face is shown in Fig. 87. The spiral cutting- 
action of this punch is supposed to cause less injury to the metal round 
the hole than a flat-faced punch. 





Punch with pbdn face. 



Fig. 86. 
Ponch with centre-point on the face. 




Punch with spiral (ace. 



Flinched Bivet-Koles. — Punching is a rough and very unsatisfactory 
method of making rivet-holes in boiler-plates. The tendency of the action 
of a punch in passing through a metal-plate of a fibrous or seamy nature, is 
to open the seams or develop laminations around the circumference of the 
hole formed by it, owing to the metal being thrust off or detruded by the 
punch, which does not cut the metal. The more fibrous the metal the greater 
the injury resulting from punching. 

Plates of a hard and unyielding nature are liable to have cracks developed 
round the holes by punching. Plates of a soft and yielding nature suffer 
the least injury from punching. 

The effect of punching the holes for the rivets in a boiler-plate, is to 
distress and considerably reduce the elasticity of that portion of the metal 
immediately surrounding the rivet-hole, and diminish the tenacity of the 
plate. Hence, the finer the pitch or closer the rivet-hole, the greater 
the loss of strength of a punched plate. The liability to injury from 
punching increases as the distance of the rivet-hole from the edge of the 
plate decreases. Plates of a hard and brittle nature suffer most injur}- 
from punching. 

The reduction of the strength of plates due to punching varies 
considerably, as it is affected by the form and condition of the punch 
and die. A bad punch and die may cause great injury to the metal, and 
develop considerable weakness in a line of rivet-holes. The injury to 
plates of a soft and ductile nature, such as best Yorkshire iron, by the 
detrusion of the punch, is generally confined to an annulus round the 
punched hole of a breadth equal to from one-fourth to one^third the 
thickness of the plate. 

The distressing effect on the metal due to punching, may generally be 
neutralised by removing an annulus one-<eighth inch in width round the 
rivet-hole with a rhymer. 

Besistanoa of Plates to Prnichlng, — In punching a hole through a 
plate, the metal outside or round the acting surface or circumference of the 
punch is broken off or detruded in a similar manner to shearing ; a punch 
may, therefore, be regarded as a shear-blade equal in length to the circum- 
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ference of the punch. The resistance to punching depends upon the 
extent of the surface acted upon by the punch, and the nature of the 
material to be punched. The resistance increases directly as the strength 
of the plate and the diameter of the punch, and it is considerably afiPected 
by the form and condition of the detruding edge of the punch, and by the 
amount of clearance between the punch and the die. 

The stress required to punch wrought-iron was found in some experi- 
ments to be as follows : To punch a hole of f inch diameter through a 
thickness of f inch, required a pressure of 23^ tons per square inch of 
detruded sectional area ; to punch a hole of i inch diameter through a 
thickness of i inch, required a pressure of 22 tons per square inch ; and 
to punch a hole of i inch diameter through a thickness of i inch, re- 
quired a pressure of 24^^ tons per square inch of detruded sectional area. 

It appears from these and other experiments that, the resistance of a 
plate to punching is practically the same as its resistance to tearing by a 
tensile strain. The resistance opposed to the punch is the area of metal 
detruded by it, and the force required to punch a hole through a plate of 
metal may be found by the following formula : Diameter of hole x 3*1416 
X thickness of plate x tensile strength of plate. For instance, to punch 
a hole of ^ inch diameter through a steel-plate | inch thick having a tensile 
strength of 30 tons per square inch, requires a pressure of 75 inch diameter 

X 31416 X '375 inch thick x 30 tons 
tensile strength ?= 26*5 tons per square 
inch. 

The compressive strength of a punch 
of fine quality hardened steel is 100 
tons per square inch, or nearly four 
times as great as the tensile strength of 
ordinary boiler-plates. 

XZffect of the Form of a Pvnoli 
on a Fanclied-plate. — ^The loss of 
strength due to punching the rivet- 
holes in a plate is considerably in- 
fluenced by the form and condition of 
the detruding edge of the punch, and 
the proportion between the diameter of 
the punch and that of the hole in the die-block. The loss of strength is 
greatest when the punch fits the die exactly without clearance, and also when 
the punch is considerably less than the die, or has excessive clearance. 
The effect of excessive clearance is shown in Fig. 88. 

The extent to which the diameter of the die should exceed that of the 
punch, depends upon the thickness and nature of the metal to be 
punched. The diameter of the die may be = diameter of punch x i*i to 
1*2, according to the character of the plate to be punched. For rivets | 
inch diameter, for plate not exceeding J inch thick, the diameter of the die 




Fig. 88. —Punch and die with excessive clearance. 



LOSS OF STRENGTH DUE TO PUNCHING RIVET-HOLES. 20$ 



may be |i inch. For rivets |f inch diameter, in boiler-plates not exceeding 
\ inch in thickness, the diameter of the die may be | inch. 

The effect of clearance between the punch and the die is to produce a 
conical hole in the plate as shown in Fig. 89. 



Fig. 89.— Punched hole. 



^ 



Fig. 90.— Arrangement of plates with punched holes. 




Fig. 91.— Section of riveted plates. 



Punched plates are generally arranged with the large ends of the holes 
outside, as shown in Fig. 90. 

The holes become completely filled with the rivets, as shown in 
Fig. 91, when the riveting is eflSciently performed. By this arrangement 
the tension due to the contraction of Uie rivet in cooling is distributed 
through the whole length of the hole, and is not concentrated at the ends,, 
whereby the stress on the rivet-head is considerably relieved. The counter- 
sunk outline of the rivet tends to hold the plates together after a rivet-head 
has been broken off. 

Lorn of Strengtli due to Punching Bivet-lioles in Boiler-plates. — 
Many experiments have been made to ascertain the loss of tenacity of a 
plate by punching the rivet-holes. In some experiments with plates of 
Yorkshire iron, Mr. Kirkaldy found that by punching the rivet-holes : — 



Lowmoor-iron plates 



•f tf tt 
l> » »> 

Bowling-iron plates 


•38 
•63 
•53 


tf >f tt 
Famley-iron plates 


•54 

•40 


ft tt tt 
Taylor's-iron plates 


•41 

■5» 


tt ft tt 


•53 



Monkbridge-iron plates '50 
»» tt tt 5 



Lengthways 
percent. 

•37 inch thick, lost in tenacity — 

177 



8-6 
i6-8 

77 
67 



Crossways- 
percent. 

21'2 



17-8 
139 



198 

12-8 

16.7 



The mean of these experiments is 1 1*5 per cent, loss of tenacity along the 
grain of the metal, and 17 per cent, across the grain. 
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Mr. William Parker of " Lloyd's" found in some experiments that : — 

Steel-plates i inch thick, lost in tenacity by punching 8 per cent. 
Steel-plates I „ „ „ „ i8 „ 

Steel-plates I „ „ „ „ 26 „ 

Steel-plates f „ „ „ „ 33 „ 

Iron-plates f „ „ „ „ 18 to 23 per cent. 

The effect of increasing the size of the hole in the die of the punch 
vfzs as follows : — 

Per cent. 

Taper of hole in steel-plate -^ inch; loss of tenacity due to punching =17-8 

»» » >» T » it iJ »J ^^ 3 

>» »i i> 8 »» >» »> »» ^4'5 

The plates were from -675 inch to 712 inch in thickness. The effect of 
punching was found not only to reduce the tenacity but also to diminish 
the elongation before fracture, and to cause the fracture to become crystal- 
line instead of silky. When punched-holes | inch diameter were rhymered 
out to 1 1 diameter, the loss of tenacity disappeared and the plates carried 
as high a stress as drilled plates. Annealing also restores to punched 
plates the original tenacity. 

Punching is not employed for best work. In high-class boilers all the 
rivet-holes are drilled in place by special tools, and the plates are after- 
wards separated, and the burrs left by the drill are taken off. 

Bivets of BivatecUjoints of Steam-boilers. — Rivets are made from 
bars of tough and ductile quality, cut into pieces of the required length. 
Each piece required to form a rivet is pressed in dies, which knock one end 
of it up to form the tail of the rivet. The end of the rivet-shank is taper 
for half its length, so that it may enter the hole easily. The tails of rivets 
are generally made either of pan or flat-shape for hand-riveting, and cup- 
shaped for machine-riveting. The proportion of rivets vary, as there are 
no standard sizes. The following are good average proportions : — 

Tails of Bivets. — ^A pan-tailed rivet is shown in Fig. 92. The largest 
idliameter of the tail, A, is = diameter of rivet x 1*5 ; the smallest 
diameter, B, is = diameter of rivet x 1*3. The depth or thickness of 
ithe tail, C, is = diameter of rivet x -67. The diameter of the end of 
ihe rivet, D, is = diameter of rivet x '93. 

A flat-tailed rivet is shown in Fig. 93. The diameter of the tail is = 
.diameter of rivet x 1*5, and the thickness of the tail and diameter of the 
point is the same as that in Fig. 92. 

A snap-tailed, or cup-tailed, rivet is shown in Fig. 94. The diameter 
4>f the tail, A, is =: diameter of rivet x i'6, and the depth of the tail, B, is 
= diameter of rivet x '65. 

A snap-tailed rivet with conical neck to fit a punched hole, is shown in 
Fig. 95* The diameter of the tail is = diameter of rivet x 17, and the 
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thickness of the tail is = diameter of rivet x '66. The diameter at the 
top of the cone, A, is = diameter of rivet x 1*125. Depth of cone =; 
one-half the diameter of the rivet. 





Pan-UiIediriTet 



FUt-tailed rivet. 



Fi|^. 94. 
Snap>tail«i rivet. 





Snap-Uiled rivet 
with conical neck. 



Fig. ^ 
Countersink-tailed 



A countersmik-tailed rivet is shown in Fig. 96. The diameter of the top 
of the tail is = diameter of rivet x i*5. 

Heads of Sivets. — ^The length of shank projecting 
through the plates to form the head, as shown in Fig. 97, 
should be equal to the diameter of the rivet for counter- 
sunk rivets, and to about i J the diameter of rivet for 
snap and conical heads in hand-riveting, and about ^ 
inch longer for machine-riveting. 

A conical-headed rivet is shown in Fig. 98. The 
pointed head is formed by knocking down the point of 
the rivet with light hammers. The diameter of the head is = diameter 
of rivet X 2, and the thickness or height of the head is = diameter of 
rivet X 75. 




Fig. 97.— Rivet. 




Fig. 98. Fig. 99. Fig. 100. Fig. xoz. 

Figs. 9t-zo9.~Various forms cf rivet*heads« 



Fig. xoa. 



The snap-headed, or cup-headed, rivet, shown in Fig. 99, is formed by 
hammering down the point and finishing it with a cup-shaped die applied 
by a hammer. The diameter of the head is = diameter of rivet x v6, and 
the thickness of the head is = diameter of rivet x "63. 

A conoidal-headed rivet is shown in Fig. 100. The diameter of the head 
is = diameter of the rivet x 2, and the height of the head is = diameter of 
rivet X 75. The radius of the head is = diameter of rivet x i-8. 

A countersunk-headed rivet, as shown in Fig. loi, is formed by hammering 
the point into a conical rivet hole. The diameter of the top of the head is 
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= diameter of rivet x 1*5, and the thickness of the head is = diameter of 
rivet X '5 to 7. 

Another countersunk-head rivet is shown in Fig. i03, the head of which 
projects a little above the plate to increase the strength of the head. 

An elliptical countersunk-rivet is shown in Fig. 103. The height of the 
head above the plate is = diameter of rivet x '25. The diameter of the 
head is = diameter of rivet x 1*5. 




Fig. 103. Fig. X04. Fig. X05. Fig. xo6. Fig. 107. 

Figs. 103-Z04. — Different forms of rivets. Figs. X05-107. — Examples of defective rivets. 

A rivet with a slight countersink under both the head and tail is shown in 
Fig. 104. By rounding or slightly countersinking the edges of rivet-holes 
in this manner, the strength of rivet is increased and the cutting-action of 
the edge of the hole is diminished. 

Defective Sivets. — A rivet assumes a barrel-shape when riveted in 
plates arranged with the small ends of punched holes outside, as shown in 
Fig. 105. 

When a rivet is riveted to completely fill a partly blind hole, due to 
inaccurate punching, it assumes the form shown in Fig. io6. 

A rivet when inserted in a partly blind hole and hand-riveted, fre- 
quently assumes the shape shown in Fig. 107. 

A rivet very defectively headed, or formed eccentri- 
cally, is shown in Fig. 108. 

It is important that the end of the shank should be 
perfectly square with the shank, and not bevel. 

Rivets are frequently injured by being worked when too 
highly heated. Rivets should be quickly heated in a 
clean fire, and not allowed to remain a long time in the 
fire ; and they should be quite free from dirt and scales 
when inserted in the holes. 
Scaly rivets are liable to cause leakage, as the scale prevents the rivets 
filling the holes. 

It is essential to good work that the rivets fill the holes, because the 
steam-tight quality of a well-proportioned joint depends principally upon 
the degree of excellence of the fit of the rivets in their holes, and also upon 
the efficiency of the riveting. 

When the heads and tails of the rivets are deficient in thickness, they are 
liable to curl up round the edges and cause leakage. 
Tests flor Bivets. — Rivets should admit of being bent cold, round a 




Fig. X08.— Defec- 
tively-headed rivet. 
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Fig. Z09. Fig. no. Fig. zii. 

Fig. 109-1 IS.— Tests for rivets. 



Fig. XI9. 



bar equal in diameter to that of the rivet, as shown in Fig. 109. They 

should bend hot without fracture in the manner shown in Fig. no. The 

tail of the rivet should admit of being flattened when hot, without cracking 

at the edges, until its diameter is equal to 2| times the diameter of the 

rivet, as shown in Fig. in. 

The tail should admit of 

being hammered when cold 

down to I inch in thickness, 

without cracking at the 

edges. The shank of the 

rivet should admit of being 

flattened and punched with 

a hole equal in diameter to 

that of the shank, as shown in Fig. 112, without cracking in the vicinity of 

the hole. 

Tensito Strangtli of BiTeta.— -The tensile strength of a rivet is 
frequently considerably reduced in the processes of heating, and hammer- 
ing down while hot to fill the rivet-hole and form the rivet-head. The tensile 
strength of the bars from which iron-rivets are made is from 34 to 25 tons 
per square inch, but the tensile strength of a rivet when riveted in the joint 
of wrought-iron plates, is frequently only about 22 tons per square inch, 
showing a loss of 22 -f- 25 = *88, or 12 per cent., due to forming the rivet- 
head while hot. The tensile strength of the bars from which steel-rivets are 
made is from 28 to 30 tons per square inch, but the tensile strength of a 
rivet when riveted in the joint of steel-plates is frequently only about 23 
tons per square inch, showing a loss of 23 -r- 30 = 76, or 24 per cent., due 
to riveting hot. 

By heating the rivets carefully, and working them at the lowest practic- 
able temperatiure, they should not suffer diminution of strength, but on the 
contrary the tensile strength might probably be increased about 10 per 
cent, by the extra work on the metal due to riveting. 

11 111 VJP 



Fig. XI 3.— Rivet in sbgle-shear. 



Fig. 114.— Rivet in double-shear. 



Bivats in 8iiigl« uid PouMa SliaMr,— When two plates are connected 
by a rivet, a tensile strain applied to the plates tends to cut the rivet in 
halves, or to shear it in a single plane, as shown in Fig. 113, and the rivet 
is in angle-shear. The strain required to shear a rivet is proportional to 
the area sheared, and is independent of the shape of the rivet. When a 
plate is fixed centrally between two plates by a rivet, a tensile strain applied 
to the plate tends to cut the rivet into three pieces, or to shear it in two 
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planes, as shown in Fig. 114, and as a double area is exposed to shearing, 
the rivet is in double-shear. 

8]ie«riiig Strangtli of Bivets.— The shearing strength of rivets is 
generally less than the tensile strength of the plates forming the joint. 
The shearing strength, of iron-rivets varies with the character of the rivet- 
holes. It was found in some experiments to be as follows :^- 



Shearing strength of iron-rivet in a counter-sunk drilled hole 
do. do. in ordinary drilled rivet-hole . 

do. do. in an ordinary punched hole 



Per square inch. 

. 18^ tons 

. 20 ,, 



. Hence, the shearing strength of an iron-rivet is = 
(diameter of rivet)* x 7854 x shearing strength, according to the kind of 
rivet-hole. 

Numerous other experiments have been made on the shearing resistance 
of rivets, the results of a few of which are given in the following Table : — 

TABLB49. — Results of Tests of the Shearing-Resistance of Iron 
AND Steel Rivets of the Average Quality used in Boiler- 
Work, WHEN Riveted in Drilled Holes. 



Sheuing-RcsUunce of Iron-Rivett. 




Tool per Sq. Inch. 


Lta. per Sq. Inch. 


Tom per Sq. Inch. 


Lbt. per Sq. Inch. 


17-03 


38147 


20-91 ; 46839 


17*54 


39289 


31-55 


48373 


18-59 


4164a 


"•33 


50030 


20-39 


*§!74 


2303 


51588 


20-90 


46816 


»3-37 


52349 


21-37 


47868 


23-91 


53559 


22-11 


*9Vt 


24*13 


54029 
553»8 


22-70 


50848 


24-70 



It may be assumed, in a general way, that the shearing-resistance of a 
rivet is equal to the tensile strength of the plates x *8. Taking the tensile 
strength of good wrought-iron boiler-plates at 21 tons per square inch, and 
that of good mild-steel boiler-plates at 28 tons per square inch. The 
shearing-strength of wrought-iron rivets in the joints of wrought-iron plates is 
on this basis = 21 x *8 = 16*8 tons per square inch, and that of mild-steel 
rivets in the joints of mild-steel plates = 28 x '8 = 22 '4 tons per square 
inch : or say, in round numbers, shearing-strength of wrought-iron rivets = 
17 tons, or 38080 lbs. per square inch; shearing-strength of mild-steel 
rivets 23 tons, or 51520 lbs. per square inch. 

The resistance per square inch to shearing, is practically the same for 
rivets either in single or double-shear. 
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The '{oMovdng Joules are also' used in practice for determining the 
shearing-strength of rivets. In which S = the shearing-resistance in tons 
per square inch, and </ = the diameter of the rivet in inches. 

Shearing-strength of rivets in ordinary punched holes : — 

148 
S = - - X </* for iron rivets and plates. 

108 
S = -— - X </' for steel rivets and plates. 

Shearing-strength of rivets in ordinaiy drilled holes : 

140 
S = - X </* for iron rivets and plates. 

186 
S = — X </' for steel rivets and plates. 

Shearing-strength of rivets in drilled counter-sunk holes: 
S = -^ X d^ for iron rivets and plates. 

S = -~ X </* for steel rivet^and plates. 

QsipplBg-Pow«r of Shr«t0. — ^When two plates are fastened together 
by properly proportioned and well-closed rivets, the frictional adhesion of 
the plates depends upon the longitudinal tension of the rivets. The 
adhesion of the plates, or their resistance to sliding, per square inch of 
sectional area of the rivets, is, in a general way, equal to two-ninths of the 
ultimate tensile strength of the rivet. For instance, the resistance to sliding 
of plates secured with rivets having an ultimate tensile strength of 28 tons 
per square inch, is approximately = 28 tons x f := 6-22 tons per square 
inch of the sectional area of the rivets. 

Bi¥«tod Joints of StelMii-Boilttni. — ^The strength of a riveted joint 
or seam is generally considerably less than that of the solid plate, it is, 
therefore, essential to adopt that form of joint which will bring the strength 
of the seams up as nearly as practicable to that of the plate of which the 
joint is formed, in order to obtain the greatest possible uniformity of 
strength in the construction of steam-boilers with riveted joints. 

It is necessary to make the rivets of the same material as the plates, to 
prevent corrosive wasting from galvanic action. That is, iron-rivets should be 
used for iron-plates, steel-rivets for steel-plates, and copper-rivets for copper 
plates, thus placing metals in contact which are similar in nature and 
electric affinities. 

Fomifl of Bi^etad Joints. — ^Lap-joints are formed by overlapping one 
plate on the other, and riveting them together with one or more ;:ows of 
rivets. Butt-joints are formed by butting th^ ends of the plates together, 
and covering the joint with a covering-plate, or butt-strap, on one side, or 

p 2 
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both sides, of the plate, riveted together by one or more rows of rivets at 
each end of the plate. 

A single-riveted lap-joint is shown in Fig. 115, and in sectional end 
view in Fig. 116. 




Figs. ZZ5 & iz6b~SiDgIe<riveted lap-joint. 



Figs. Z17 ft zz8.— Double-riveted lap-joint. 



A double-riveted lap*joint is shown in Fig. 117, and in sectional end 
view in Fig. 118. 




Figs. ZZ9 & zao.— Treble-riveted lap-joint. 

A treble-riveted lap-joint is shown in Fig. 119, and in sectional end 
view in Fig. 120. 





Fig. Z3Z.— Butt-joint with single butt-strap 



Fig. Z23. — Butt-joint with double btttt-ctnp. 



A butt-joint with a single butt-strap is shown in section in Fig. lai. 

A butt-joint with a double butt-strap is shown in section in Fig. 132. 

Arrangement of the Sivets of Biveted Jointe. — ^The rivets are 
either arranged in rows opposite to each other, as in chain-riveting, or 
placed .so that the rivets in one row di\dde the spaces between the rivets in 
the next row, as in zigzag-riveting. In ordinary joints the rows of rivets 
are evenly pitched. 
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A double-riveted lap-joint, chain-riveted, is shown in Fig. 123, and a 
doable-riveted lap-joint, zigzag-riveted, is shown in Fig. 134. 









• • 



Rg. MS.-- 




.— DoubIe-riv«ted kp-jobt Tig. xa^— Double-riveted lap. p|^ xas.— Trebte-riYded lap- 

chain-riveted. joint zigzag-nveted. joint chain-rivcted. 




Fig. ia6.— Treble-riveted lap-jmot sigag-riveted. 



Fig. xa7.->Single-riTeted butt-joint. 



A treble-riveted lap-joint, chain-riveted, is shown in Fig. 125, and a 
treble-riveted lap-joint, zigzag-riveted, is shown in Fig. 126. 

A single-riveted butt-joint, that is, with one row of rivets on each side of 
the joint, is shown in Fig. 127. 
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rig. 198.— Double-riveted 
bun-joint chain-riveted. 



Fig. la^— Double-nveted bott- Fig. x3o.-Treble-riveted butt- 
joantsigagnveted. joint chain-riveted. 



A double-riveted butt-joint, chain-riveted, is shown in Fig. 128, and a 
double-riveted butt-joint, zigzag-riveted, is shown in Fig. 129. 

A treble-riveted butt-joint, chain-riveted, is shown in Fig. 130, and a 
treble-riveted butt-joint, zigzag-riveted, is shown in Fig. 131. 

In all these examples the rivets are evenly pitched, or spaced alike along 
each line of the rivets. 

Bi^etad Joints with sows of Vnoronlj-Pitcliod Bivats. — Chain- 
riveted and zigzag-riveted joints, are frequently arranged with eveiy alternate 
rivet omitted in the outer row and in the outer and inner rows, and they are 
also arranged with more rivets in the inner than the outer row. 
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A treble-riveted lap-joint, in which eveiy alternate rivet is omitted in the 
outer and inner rows of rivets, is shown in Fig. 133, and a slightly different 
arrangement of the same form of joint is shown in Fig. 133. 



» • • • 

• • • < 

t • • • 

» ' • • • 

• • • « 

» • • • 







Fig. 13a.— Treble-rrreted 
lap-joint. 



Fig. i33.—Tr«bIe-riTet«d 
Up>ioint. 



Fig. tjt.— TreUcriiMnl faott- 1 
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Fig. s34.-~Doab]e»riveted butt* 
jolnL 



Fig. x3S.~Doab]e-iiTeted 
bntt-joxDL 



Fig. X36.— TVeble-tiTeted 
bott-joinL 



A double-riveted butt-joint, in which every 
alternate rivet is omitted in the outer rows, is 
shown in Fig. 134, and the same form of joint 
With the outer row of rivets differently spaced 
is shown in Fig. 135. 

A treble-riveted butt-joint, in' which every 
alternate rivet is omitted in the outer row, is 
shown in Fig. 136, and the same form of joint, 
with the outer row of rivets differently spaced, 
is shown in Fig. 137. 

Fig. taf .-Trebie-rii^ed btttt-joint. pitoh of Bivtt*.— The maximum strength 

of a riveted joint is obtained when the percen- 

tage 6f the strength of the seam to that of the solid plate, is equal to the 

percentage of the strength of the rivets to that of the solid plate. 
When the shearing strength of the rivets is equal to the tensile strength 

of the plates, the maximum strength of a riveted joint, taking" all the 

dimensions in inches, is expressed as follows : — 

Pitch of rivets -^ (diameter of rivet-hole) ^ 

Pitch of rivets "" . . 



PITCH OF THE RIVETS OF RIVETED JOINTS. ^^t^ 

(Diameter of rivet-hole^ x 7854 x number of rows of rivets 
Pitch X thickness of plate 

Ktch of rivets — (diameter of rivet-hole) = 

num ber of rows of rivets 
thickness of plate 
Pitch of rivets = 

number of rows of rivets , 



(diameter of rivet-hole)* x 7854 x 

h of rivets = 
(diameter of rivet-hole)* x 7854 x 



thickness of plates 

diameter of rivet-hole. 

Where there are two rows of rivets, then 7854 x 2 = i'57o8, and for a 
double-riveted joint, measuring along one line of rivets : 

Pitch of rivets = 

,.57 X (jjame terofrivet-hole)« ^ ^.^^^^^^ ^j ^^^^_^^j^ 
thickness of plate 

Where there are three rows of rivets then, 7854 x 3 = 2*3562, and for a 
treble-riveted joint, measuring along one line of rivets, 

Pitch of rivets = 

a-3562 X (^•'^"1*^'"- of riv't^ + diameter of rivet-hole. 
•' ' thickness of plate 

These rules apply to all thicknesses of plates and diameters of rivet-holes. 

Diagonal Pitoh of the Sivets of SiTOted Joints. — ^The diagonal 
pitch of a double-riveted joint, or the oblique distance between the centre 
of a rivet in one row to the centre of a rivet in the next row, is generally 
equal to the straight pitch in inches x 75 to '8. 

For instance, the diagonal pitch of a double-riveted seam of 3 J inches 
straight pitch is = 3*125 x *8 = 2^ inches pitch. . . 

The diagonal pitch of the rivets of a seam having several rows of rivets, 
all of the same pitch, should not be less than that obtained by this Huie: — 

Diagonal pitch in inches = 

(Pitch in inches X 6) -f (diameter of ri vet in inches x 4) 

10 ' . - 

For instance, the diagonal pitch of an ordinary treble-riveted Bigzag 
joint, with rivets of i inch diameter, and 4 inches pitch, should not be less 

than = ^-±}!1<:^'' ^-^^ +- ^i '"-^'L^^) = ,-8 inches. ' 

Diamotor of tlio - Bivot-Kolea. — ^The diameter of the rivet-holes oT 
wrought-iron plates up to f inch thickness, is frequently ecjual to the thick- 
ness of the plate in inches >< ^ +ts i^^^* 

A rule applicable to all thicknesses of plates of wrought-iroh is as 
tollo^'s :-^ > .• — 4. 
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^. *..,.., V (thickness of plate in inches x 02) 
Diameter of nvet-hole m inches = —^ ^0 ^— • 

For instance, the diameter of the rivet-holes of plates \ inch thick is = 
•625 X 92 =s 57*5, and ^57*5 -5- 8 = -985 inch, or say i inch diameter. 

The diameter of rivet-hole found by this rule may be taken to the nearest 
one-sixteenth of an inch. 

Difltaaoe of BiTot-Koles from the Edge of tlie Plate. — ^The space 
between the edge of the rivet-hole and the edge of the plate should not be 
less than the diameter of the rivet-hole, but rather greater. 

The seams should have abundant breadth, otherwise they are liable to 
leak, especially when placed at the bottom of a boiler-shell. 

Other rules for rivet-holes are given at pages ei8 — 221. 

Pitoh of Sivets in Pnnclied Plates. — In determining the pitch of 
rivets for plates with punched rivet-holes, the larger diameter of the 
punched hole should be taken as the diameter of the rivet-hole, and the less 
diameter as the diameter of the rivet. 

Pitch of Sivets for the Jeinte of the Plates of Steaai-BoileMi. — 
The pitch of rivets necessary to secure equality of strength of the rivets and 
the plates between the rivet-holes, when the shearing strength of the rivets 
is equal to the tensile strength of the plates, may be found by the following 
Rules:— 

For single-riveted lap-joints and joints with single-riveted single butt-straps. 

Pitch of rivets in inches = 

Area of rivet-hole in square inches ^. ^ . , , . . , 

Thickness of plate in inches + ^"^•*" °^ "^^^^''^o'* "» '"'=''«'• 

Example: Required the pitch of the rivets of a steam-boiler having 
plates \ inch thick, with lap-joints, and rivet-holes W inch diameter ? 

^, '8125 X -8125 inch X 7854 . . , • . • 

^"^ -375T5dr^hickS^srrf^e- + 'S"? = ^11^ mches, the pitch 

of rivet required for equality of rivet-section and plate-section. 

For double-riveted lap-joints and joints with double-riveted single butt- 
straps, the sectional area of two rivets is to be allowed for, and : — 

Pitch of rivets in inches = 
Area of rivet-hole in square inches x 2 ,. ,.,,.., 
Thickness of plate in inches + <^'"°«'" °* "^«^*-^ol« '» ™*='»'^«- 

This rule also applies to single-riveted butt-joints with double butt-straps, 
as the rivets are sheared in two places before rupture. 
For a double-riveted joint with double butt-straps : — 

Pitch of rivets in inches = 
Area of rivet-hole in square inches X4.,. ^ ^.*li-.i_ 
Thickness of pkte in inches + ^^"^ "^ "^«'-»'«>'« '" '»«='»*»• 
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For treble-riveted lap-joints three rivets have to be allowed for, and : — 

Pitch of rivets in inches = 

Area of rivet-hole in square inches x 3 ,. , , 

ThlckS^^iTf-^t e in inches. + ^'^'^' "^ "^«»-''<>»« "> '°*=^«'- 

The pitch of the rivets may be proportioned to the strength of the plates 
and rivets, and the number of rows of rivets by the following J^ule, in which 
^ = the diameter of rivet-hole in inches : — 

Pitch of rivets in inches = 

/Area of rivet-hole\ /shearing strength'X /number of rows'\ 
\ ^ in square inches / y of rivet J \ o^ rivets / 

Thickness of plate x tensile strength of plate "*" * 

Example : Required the pitch of the rivets of a steam-boiler having plates 
^ inch thick, with lap-joints, rivet-holes j- inch diameter, and two rows 
of rivets. Tensile strength of the plates 50,000 pounds per square inch. 
Shearing strength of rivets 20 per cent, less than the tensile strength of the 
plates ? 

Then ^'^^^ ^ '^^^ '"^^ ^ '^^^^^ ^ ^^^^^^ ^ '^^^ ^ ^ ^^^ + -871: = 
-5 inch thickness of plate x 50000 lbs. "^ ' ^ 

2*8 inches, the pitch of rivets required. 

As the rivets of a joint are protected from deterioration while the plates 
are thinned by wear, the shearing strength of iron-rivets is frequently taken 
as equal to the tensile strength of iron-plates. 

Fitoh of Biv^ts required in a Joint to retain a givon Porcontage 
of nato iMtwoon tlio Sivet-Kolos. — It is seldom convenient in propor- 
tioning the joints of the plates of steam-boilers to maintain equality of section 
of plates and rivets. The rivet-section is generally in excess of the plate- 
section in order to secure the plates firmly together, and maintain steam- 
tight joints. 

The pitch of rivets required to retain a certain percentage of plate 
between the rivet-holes may be found by this liuU: — 

Pitch of rivets = 

/Diameter of rivet-'N /percentage of plate\ 

V hole in inches J V between rivet-holes y ,. ,. , , . . , 

loo - percenuge of plate between rivet-holes +'^'"°'>^"^''^-'">»^"'°<^''^- 

Example : Required the pitch of the rivets of the joint of the plates of a 
steam-boiler, with rivet-holes f inch diameter, to retain 70 per cent, of plate 
between the rivet-holes? 

-^. '75 inch diameter x 70 per cent. 1 . , 

Then ^ 100-70 = ^'75 + 75 = ^i inches, the 

pitch of rivets required. 
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The percentage of strength of the plate of the riveted joint as compared 
with the solid plate, may be found by this Rule: — 

(Pitch in inches — diameter of rivet-hole) x loo 
Pitch of rivets in inches. 

Example: Required the strength of the joints of the plates of a steam- 
boiler as compared with the solid plate5 the pitch of rivets being 2\ inches^ 
and the diameter of the rivet-holes ^ inch. 

r«t **875 — '875 X 100 ^ , * . . . 

^"^ 2-875 inches pitch "^ ^^ P""' ""^^^ ^^ ^^"^""^ ""^ *"" ^'"'''^ 

The percentage of strength of the rivets, when in single-shear, as com- 
pared with the solid plate may be found by this Rule: — 

(Area of rivet x number of rows of rivets) x 100 
Pitch of rivet in inches x thickness of plate in inches' 

Rivets in double-shear may be considered to be if times as strong as 
when in single-shear. Hence, when rivets are exposed to double-shear^ 
multiply the percentage as found by 1*75. 

Example: Required the percentage of the strength of the rivets of the 
joints of the plates of a steam-boiler as compared with the solid plate, of 
plates \ inch thick, having double-riveted lap-joints, with rivets f inch 
diameter and 2\ inch pitch. 

• 75 X 75 'nch x 7854 x 2 rows of rivets x ic» ^rn^, .Ka 
T^^^ 2-5 pitch x~5 inch thicta^of-^Iate =^1 percent.the 

strength of the rivets compared with the solid plate when in single-shear, and 
71 X 175 ss 134 per cent, when in double-shear. 

In calculating the strength of a boiler the smaller of the two percentages 
of rivetrsectibn and plate-section is to be taken. 

Friction of nates of Si^etad Joints.— The assistance given to a 
riveted joint by the friction of the rough plates is an uncertain element, And 
cannot be taken into account in estimating the strength of a joint. 

Proportions of the Biveted Joints of Steaai-Boilers.— The diame- 
ter and pitch of the rivet-holes of the seams, or riveted Joints,^ of the' plates 
of a steam-boiler, depend principally upon the thickness of the plates. Th0 
.proportions of the joints vary considerably in practice. The following are 
good general rules for determining the proportions of the riveted joints of 
.the plates of steam-boilers, for working-pressures of steam up to 2CX) Ibd. per 
square inch, when the materials and workmanship are of the best desdription. 

P r o porti ons of Siveted Joints of the Plntes of Bteun-fBoiteii 
when composed of Wrought-Xron Plates and Xron-Si^etSy with rows 
<rfJriveU.of equal pitch. 

Single-riveted lap-joints, as shown in Figs. 115 and 116, page 212, 
with drilled rivet-holes. « 
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Diameter of rivet-hole = thickness of plate in inches x 1*25 + '38135. 
Lap of joint = diameter of rivet-hole in inches x 3. 
Distance of the centre line of the row of rivet-holes from the edge of 
the plate = diameter of rivet-hole in inches x 1*5. 
Pitch of the rivet-holes in inches = thickness of the plate in inches x 3 + 

75- 

Double-riveted lap'joinis zigzag riveted^ as^hown in Figs. 117 and 118, 
page 312, with drilled rivet-holes. "" 

Diameter of rivet-hole = thickness of plate in inches x 1*35 + '38135. 

Lap of joint s diameter of rivet-hole in inches x 5. 

Distance of the centre-line of each row of rivet-holes from the edge of 
the plate = diameter of rivet-hole in inches x 1*5. 

Pitch of the rivet-holes, measured along the centre-line of a row of rivets 
= thickness of plate in inches x 4*375 + 75- 

Treble-riveted lap-joints, zigzag rive ted , as shown in Figs. 119 and I30, 
page 313, with drilled rivet-holes. 

Diameter of rivet-hole = thickness of plate in inches x 1*4375. 

Lap of joint = diameter of rivet-hole in inches x 7. 

Distance of the centre-line of each outer row of rivet-holes from the edge 
of the plate =: diameter of rivet-hole in inches x 1*5. 

Pitch of the rivet-holes measured along the centre-line of a row of rivets 
= thickness of plate in inches x 575. 

Single-riveted butt-JointSy with single butt-straps as shown in Fig. I3^; 
with drilled rivet-holes, are proportioned by the same rules as single-riveted 
lap-joints, as each half of the joint represents a lap-joint. The thickness of 
a single butt-strap should be = thickness of plate in inches x 1*35. 

Single-riveted butt-joints with double butt-straps as shown in Fig. 133, 
page 313, with drilled rivet-holes. 

Diameter of rivet-hole = thickness of plate in inches x i*25 + •135.. 

Width of each butt-strap = diameter of rivet-hole x 6. Thickness of 
each butt-strap = thickness of plate in inches x '75. 

Distance of the centre-line of the row of rivets from the edge of the plate 
:= diameter of rivet-hole in inches x 1*5. Pitch of the rivet-holes = thick- 
ness of plate in inches x 3*25 + 75. 

Double-riveted butt-joints with double butt-straps, zig-zag riveted, with 
drilled rivet-holes. Diameter of rivet-hole = thickness of plate in inches x 
1-35 + -135. 

Width of each butt-strap = diameter of rivet-hole x 11. Thickness of 
each butt-strap s thickness of plate in inches x '8. Distance of the 
centre-line of each row of rivets from the edge of the plate = dianieter of 
rivet-hole x i'5. 

Pitch of the rivet-holes measured along the centre-line of each row of 
rivets = thickness of plate in inches x 475 -f- 75. 

When the pitch is required in eighths of an inch, the nearest eighth of an 
inch below the dimension obtained by the rule may be taken. j 
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Xa XUvstratiem of aome of thMO Bnloa, the proportions of the 
riveted joints of the plates of the shell of a Cornish-boiler of wrought-iron 
plates I inch thick, with single-riveted circumferential seams, as shown in 
Fig. 138, and double-riveted longitudinal seams with lap-joints, as shown in 
Fig. 139, may be computed as follows : — 

The diameter of the drilled rivet-holes is =: -375 inch thickness of plate, 
X 1-25 = -46875 + -28125 = f inch. The distance of the centre of the 
rivet-holes from the edge of the plate is = -75 inch diameter of rivet-hole 
X 1-5 = I J inches. 
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Fig. 138.— Single-riveted circninfereDtia] seam. Fig. 139.— Double- riveted longitndinal seam. 

The pitch of the rivet-holes of the single-riveted circumferential seams is 
= '375 inch thickness of plate x 3 = 1-125 -|- -75 = i| inches. The 
pitch of the double-riveted longitudinal seams, measured along one line of 
rivets is = "375 inch thickness of plate x 4-375 + -75 = 1*64 -f 75 = ^i 
inches. 

The lap of the single-riveted joint is = -75 inch diameter of rivet-hole x 
3 = 2J inches. The lap of the double-riveted seam is = -75 inch diameter 
of rivet-hole x 5 = 3 J inches : the centre-line of each row of rivets being 
•75 inch diameter of rivet-hole x i'5 = i J inch from the edge of the plate. 

Pvoportioiui of Sivotad joints of the yUtas of Steam-boiloni 
whrni oomposed of mild-stool ylatoo and stool-riTOtOy with rows of 
rivets of equal pitch. 

Single-riveted lap-joints with drilled rivet-holes. 

Diameter of rivet-hole =s thickness of plate in inches x 1-25 + '1875. 

Lap of joint = diameter of rivet-hole in inches x 3. 

Distance of the centre-line of the row of rivets from the edge of the plate 
= diameter of rivet-hole in inches x 1-5. 

Pitch of the rivet-holes in inches =s thickness of plate in inches x 

3*5 + 75. 

Double-riveted lap-joints^ zigzag riveted, with drilled rivet-holes. 

Diameter of rivet-hole = thickness of plate in inches x 1-25 + '1875. 

Lap of joint = diameter of rivet-hole in inches x 5. 

Distance of the centre-line of each row of rivet-holes from the edge of the 
plate =s Diameter of rivet-hole in inches x 1*5. 

Pitch of the rivet-holes, measured along the centre-line of a row of rivets 
= thickness of plate in inches x 3-75 -f 75. 

Treble-riveted lap-joint^ zigzag riveted with drilled rivet-holes. 

Diameter of rivet-hole =: thickness of plate in inches X 1*375. 

Lap of joint = diameter of rivet-hole x 7. 
. Distance of the centre-line of each outside row of rivet-holes from the 
edge of the plate = diameter of rivet-hole in inches x 1-5. 
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Pitch of the rivet-holes, measured along the centre-line of a row of rivets 
=1 thickness of plate in inches X 5*5. 

Single-riveted butt-joints^ with double butt-straps^ and drilled rivet- 
holes. 

Diameter of rivet-hole =: thickness of plate in inches x 1*25 + •0625. 

Width of each butt-strap = diameter of rivet-hole x 6. 

Thickness each butt-strap = thickness of plate in inches x 75. 

Distance of the centre-line of the row of rivets from the edge of the plate 
= diameter of rivet-hole in inches x 1-5. 

Pitch of the rivet-holes = thickness of plate in inches x 3 + 75. 

Double-riveted butt-joints with double butt-straps zigzag riveted^ with 
drilled rivet-holes. 

Diameter of rivet-hole = thickness of plate in inches x 1*25 + 'o625. 

Width of each butt-strap = diameter of rivet-hole x 11. 

Thickness of each butt-strap =1 thickness of plate in inches x '8. 

Distance of the centre-line of each row of rivets from the edge of the 
plate = diameter of rivet-hole in inches x I'S* 

Pitch of the rivet-holes, measured along the centre-line of each row of 
rivets = thickness of plate in inches x 4*375 + 75- 

Zn Zllastvatioa of soais of thoso Boles, the proportions of the 
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riveted joints of the plates 
of the shell of a Lancashire 
boiler of mild-steel plates \ 
inch thick, with the circumfe- 
rential seams single-riveted, 
and the longitudinal seams 
double - riveted, with lap- 
joints as shown in Fig. 140, 

may be computed as fol- ^Jk* 140^— Riveted seams of a boiler-shcll. 

lows : — 

The diameter of the drilled rivet-holes is = *5 inch thickness of plate x 
1-25 + -1875 = *8i25, or II inch. 

The distance of the centre of the rivet-holes from the edge of the plate is 
= '8125 inch diameter of rivet-hole x 1*5 = 1*21875 =: i-^ inches. 

The pitch of the rivet-holes of the single-riveted circumferential seams is 
= "5 inch thickness of plate x 2*5 -|- 75 = 2 inches. The pitch of the 
rivet-holes of the double-riveted longitudinal seams along one line of rivets 
is = '5 inch thickness of plate x 375 =: 1*875 + 75 = 2*625 inches, 
or 2| inches. 

The width of the lap of the single-riveted joint is = '8125 inch diameter 
of rivet-hole x 3 = 2^ inches. The width of the lap of the double- 
riveted joint is = '8125 inch diameter of rivet-hole x 5 = 4^ inches. 

The diameter of the rivet is ^ inch less than that of the rivet-hole, or = 
"8125 — -0625 = 75, or J inch. 

BiTots ia tlio and-platos and gwiMt-vtays of 8toam-boll«rs 
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ghould be from 5 to 8 per cenU larger in diameter than those of the shell, 
to pro^dde for additional strains due to expansion, and accidental over- 
straining due to overheating. 

Vwious Bvlas of Fvaotioa littr the Diameter and Pitok ef 
Bidets; — It may be useful to give here a few of the numerous empirical 
rules by which the diameter and pitch of rivets of riveted joints are deter- 
mined in practice. They are collected in Tables 50-52 : in which d = the 
diameter of rivet in inches, and / = the thickness of plate in inches. 

Table 5o.-r-VARious Rules used in Practice for Deterxining the 

' . DiAXETER OF THE RiVETS FOR THE JoiNTS OF StEAX-BoILERS. 



Diameter of Rivet ^ Thkknew of Plate in 


Diameter of Rivets Thickness of Plate in 


Inches multiplied by the following numbers :— 


Inches mulUpUed by the foUowing nomben :- 


£/= / X i-ias 


</= / X r8o 


^ = / X r2o 1 


£/= / X 1-82 


(/= / X 1-22 


(/= / X 1-85 


</ = / X 1-24 


^= / X 1-88 


(/ = / X 1-25 


^ = / X 1-90 


</= / X 1-27 1 


1/ = / X 200 


</ = / X 1-30 t 


i/= / X 2-125 


<f = / X i'33 1 


</= (/ X 2) — -125 


(/ = / X 1-36 1 


^= (/ X 2) — -25 


(/ =: / X 1-38 


</=(/ X 2) - -3125 


1/ = / X 140 


1/ = (/ X 2) - -375 


1/=/ X 1-45 


(/= 1-875 X V t 


rf=/ X 1-55 ' 


d^ 1125 X y / 


(/=/ X 1-57 1 


d = i-ioo X y / 


</ = / X r6o i 


d=^ (/ X 1-375) + -125 


^ = / X 1-66 ; 


^= (/ X 1-3) + -ao 


</ = / X 170 


</== (/ X 1-25) + -3125 


i/= / X 173 


(/ = (/ X 1-0625) + -25 


^ = / X 175 


</ = (/ X -6) + -50 


(/=/ X 177 

1 


^ = (/ X -5) + -45 



The pitches used by different boiler-makers vary even more than the 
diameter of rivets used. For instance, for a single-riveted lap-joint of 
wrought-iron plates | inch thick and iron-rivets, it will be seen from the 
following Table that pitches are used varying from 75 inch diameter of 
rivet X 2*4 = 1-8 inch to 75 x 3 = 2-25 inches. 

The Pitoh of tlia SiTets of Treble-Bivatad Lap-Joints used in 
practice for steam-boilers, is on an average = diameter of rivet x 4 to 4*25 
for wrought-iron plates and iron-rivets ; and = diameter of rivet x 3 to 
3*33 for mild-steel plates and steel-rivets. 

The Pitoh of the Aivets of Bntt-Joints with Doable Butt-Strape 
for steam-boilers of iron and steel plates usually employed in practice, may 
be ascertained by multiplying the diameter of the rivet in inches by one 



PITCHES OF Riyj:TS USED FOR RIVETED JOINTS. ?2J 



Table 51. — ^Various Pitches of Rivets used in Practice for Single- 
Riveted Lap-Joints for Steam-Boilers. 



TUdinat 
ofPlaia 


Wbought-Iron Platks and Iron- 


Milo-Stbbl Platbs and Stbbl 


in Inch**. 


RiVBTS. 


RiVBTS. 




PitchsDiameter of Rivet in Inches multi- 


Pitch s Diameter of Rivet in Inches niulti- 




pKed by the following numbers :— 




i 


2-5, 275 


a, 2-2, 2-3 


^ 


2-5, 2-6, 275, 2-8 


2, 223, 24 


1 


2*4, 2*5, 2-66, 2-88, 3-0 


2, 2*25, 2-66 


t 


2-5, 2-66, 27, 275, 278 


2, 225, 25 


2-45, 2-47i rs7, r66 


2, 233, 2-66 


A 


2-4, 2-45, 2*5, 2-56, 2-66 


• 2, 2-25, 2'66 


i 


rs6, 257, 2-63, 2-66 


2, 2-2, 24 


n 


a'33» a-35. a-4, 2-45 


2, 2-25, 2-58 


i 


2-25. 2-33, 2-5, 2-56 
2-i8, 2-22, 2-25, 2-3 


2, 2-3, 2-6l 


^ 


2, 2-2, 2'5 


i 


2-i8, 2-25, 2-5, 27 


2, 2-25, 2-62 


a • 


2-22, 225, 2-6, 3 


2, 2-2, 2-57 


I 


2*2, 2-25, 2'66, 2-95 


2, 2-25, 2*61 


li 


2-12, 2-23, 271, 2-84 


2, 2-26, 2*64 



Table 52. — ^Various Pitches of Rivets used in Practice for 
Double-Riveted Lap-Joints of Steah-Boilers. 



TUduMU 

olPUu 

iiKlndMt. 


W>oucht-Ik>k Platbs and Ixon- 


HiLD^TKBL Plates amd Steel 


RlVCTS. 


Rivets. 


■ 


Pitch^DUmeter of Rhmt in Inches nralU- 


Pitch = Diameter of Rivet in Inchei multi- 




plied by Uie ibUowing numben :— 


plied by the following nnmben :— 


^ 


3*4s 36, 3% 4 


2-66, 275, 2-86, 310, 333 


* 


3-33. 3-4. 35. 3\y9h 4 


2-86, 3, 3-33, 3'4, 3-5. 4 


^ 


3-25. 3*33. 3-5. 3-85. 4 


2-58, 2-82, 3, 3'5, 37 


i 


3. 3U. 333. 3*57. 3*8. 4 


2-6,375, 3. 3**5. 3-5 


-^ 


3*14, 32» 3*6. 371. 4 


2-66,3, 310, 3-5, 355 


i 


314. 343. 3"6 


2-6a, 3, 3-26, 3-45 


^ 


3. 3'i. 32. 3<>6 


2-68, 3, 331, 3-48 


i 


3. 32. 325. 366 


2-57. 3. 333. 3*49 


1 


ao, 31, 3-22, 333 
2-8. 3"". 333. 35 ^ 


2-66, 3, 3-1. 3-25 


a 


276, 3, 3-2, 33 


I 


2-8, 2-84, 3, 3-11, 3-56 


2-59. 2-8, 3, 3-35 


'^ 


»75. 2"85. 3. 3"i4 


2-55. 275, 2-9, 3 


'i 


273, 2-8, 2-86, 3 


2-57. 276, 3. 3"! 


lA 


2-8, 2-95, 3-1 


2-54, 2-86, 3 


li 


2-82, 2-93, 3.12 


2-6. 2-88, 3 
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of the following multipliers according to the percentage of plate retained 
between the rivet-holes : — 

PercentageofplatebeO 8 79,80.81. 82, 83. 84. 85. 
tween the rivet-holes )'''»''' ^' ■*> 3 

""ofriletty **"''''} 3-545. 476., 5. 5-^63, S'SSS. S'SS,. 6..5. 6666. 

For instance, the pitch of rivets for a butt-joint with dou'ble butt-straps to 
retain 80 per cent, between the rivet-holes with rivets i inch diameter is = 
I inch diameter of rivet x 5 = 6 inches. 

Working-prMNnive of Staam-Boilam for a Givoa Btrength of 
BiTOtod-Joint. — ^The working-pressure for the shells of cylindrical steam- 
boilers with riveted joints, expressed in terms of the strength of the joint, 
may be determined by the following J^uie : — 

Working-pressure of steam for steam-boilers = 

S X percentage of strength of join t x^ / x 2 

internal diameter of boiler in inches x factor of safety ' 

In which S = the tensile strength of the material = 31 tons, or 47000 lbs. 
per square inch for wrought-iron plates and rivets, and 
28 tons, or in round numbers 63000 lbs. per square inch 
for mild steel plates and rivets. 
/ = the thickness of the plates in inches. 

The smaller of the two percentages of the strength of the joint should be 
used. The factor of safety may be as given at page 173. 

Example : Required the working-pressure suitable for a Cornish-boiler 
of 5 feet 6 inches internal diameter, of mild-steel plates f inch thick, the 
strength of the riveted joints is 70 per cent, of that of the solid plate ; the 
factor of safety is 5 ? 

Th 63000 lbs, per square inch x '7 x '375 inch thick x 2 _^ •. 
66 inches internal diameter x 5, the factor of safety '^ 

per square inch, the working-pressure of steam suitable for this boiler. 

Btrength of SiTotod Joints of BtOMn-Boiloni. — The strength of a 
riveted joint depends principally upon the strength and ductility of the 
plates, the proportions of the pitch and diameter of the rivets to the thick- 
ness of the plates, the manner of perforating the plates for the rivets, the 
shearing-strength of the rivets, the percentage of plate between the rivet- 
holes, the form of the joint, and upon the stress being equally borne by all 
the rivets in the joint. 

Experiments on the strength of riveted joints were made by Fairbairn, 
and the following ratios were deduced expressing the strength of the riveted 
joints of steam-boilers : — 



STRENGTH OF RIVETED JOINTS. 22$ 

Tensile strength of solid plate lOO 

Strength of double-riveted joints 70 

Strength of single-riveted joints 56 

These ratios of strength only apply to well-proportioned joints. 

These estimates of the strength of joints have been confirmed by subsequent 
experiments, but the results of other and more recent experiments give higher 
ratios of strength. 

In properly proportioned and well-made riveted-joints, having 60 per cent, 
of the plate remaining between the rivet-holes in single-riveted lap-joints, 
and 70 per cent, in double-riveted lap-joints, the strength of the joints as 
compared with the solid plate may be assumed to be as follows : — 

Tensile strength of solid plate 100 

Strength of double-riveted butt-joint .... 80 

Strength of double-riveted lap-joint . . 75 

Strength of single-riveted lap-joint .... 62 

The seams in each case breaking joint properly. 

SlMtio Umit of the Bivetad Joints of Steam-Boilan.— The 

riveted seams of a steam-boiler would cease to be steam-tight for some 
time before the internal pressure was equal to the elastic limit of the plates. 
If a boiler were stretched beyond the elastic limit of the material, the 
rivet-holes would become stretched and the joints of the plates would be 
disturbed, resulting in large leakage from the rivet-holes and seams. 

The elastic limit of riveted joints of wrought-iron and mild-steel is as 
follows : — 

Elastic Limit in Tons per Square Inch. 

Mild-Steel boiler-plates of very best quality . . 16 to 17 

Mild-steel boiler-plates of good ordinary quality . 14 to 15 

Wrought-iron boiler-plates of very best qualit}' . . 12 to 13 

Wrought-iron boiler-plates of good ordinary quality. 10 to 11 

These may be taken as the average values of the joints. 

Taste of Sivoted Jointe. — ^The results of careful tests of riveted joints 
of wrought-iron and mild-steel by Mr. Codman are given in the following 
Table. 

The proportions of the riveted joints in terms of the thickness of the 
plate, /, were as follows : — 

Wrought'iron joint. Mild steel joint. 

Diameter of rivets = / x a / x 2 

Pitch of rivets in line = ^ x 9-3 / x 87 

Distance apart of pitch-lines = / X 4 / X 3 

Distance from edge of plate = /X3 /X37 

The dimensions being given in inches. 

The iron-joint broke by fracture of the plates, and the steel-joint by 
shearing of the rivets. 

S.I.C. Q 
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Table 53. — Results of Tests of Riveted- Joints of Wrought-Iron 

AND Mild-Stekl. 



I>eBcription. 



j Width of plate in inches .... 

' Thickness of plate in inches . . . 

Gross sectional area of plates in square 

inches 

, Tensile strength of plates in lbs. per square 

I inch 

Stress on joint, total in lbs. 

Stress per square inch of gross area of 

joint in lbs 

Net sectional area of plates in square Inches 
Stress per square inch of net area of plate 

in lbs. 

Number of rivets .... 
Diameter of rivets in inches 
Area of rivets in square inches . 
Shearing-stress per square inch of rivei 

area in lbs 

Ratio of joint to solid plate per cent. . 
Shearing-strength of rivets compared with 
the tensile strength of net section 
plate, per cent 



^ rought-Iron Plate. 

Iron Rivets in 

Punched Holes, 

Hydraulic-Riveted. 



696 

•38 

2-645 

48350 
81800 

30926 
2'OI 



40700 

4 

75 
1767 

46300 



Mild-Steel Plate. 
Steel Rivets in 
Drilled Holes, 

Machine>RiveUd. 



6-51 
•391 

2548 

57128 
98900 

38815 
1913 

51700 

4 

75 
1767 

55970 
70 



90 



Table 54. — Avekage Results or Experiments on Single-Riveted 
Lap-Joint3 of Iron broken bt Tearing and Shearing. 



j 
Authority. 

1 


Mode or 


Mean 

apparent 

Tenacity of 

Joint in 

Tons per 

Square 

Inch. 


Ratio of 

Mean 

Apparent 

Tenacity 

to the 

Tenacity of 

the original 

Plate, 

per Cent. 


Mean 

Shearing 

Re&istance 

of the 

Rivets in 

Tons, per 

Square Inch. 


Ratio of the 
Tenacity of 
the Plate to 
the Shearing 
Resistances 

of the 
Rivets, per 

Cent. 

'>3' 

91 

io6-i 
107-1 


Fairbaim 

Hendry . . 
Stoney . 

Stoney . . 
Fairbaim 

Fairbaim . . . 

f Master Mechanics' C 

Association . ( 

Greig & Eyth . . 

Greig & Eylh . 

Mean Result . . 
Mean Result . 


Punched . 
Punched . 
Punched . 
Drilled . 
Punched . 
Drilled . 
Punched . 
Drilled . 
Punched . 
Drilled . 


17-55 
17-96 
17-16 

i9'39 

22*30 

16-80 
1975 


68-11 
88-31 

8352 

75*50 
8870 


22-40 

18-84 
18-27 
20-41 
1947 

2o-8o 
18-43 


Punched . 
Drilled . 


18-35 
19*57 


7677 
88-50 


20-55 
19-24 


84-6 
I06-6 
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Table 55. — ^Average Results of Experibients on Double-Riveted Lap- 
Joints AND Double-Riveted Butt-Joints of Iron broken by Tearing. 







Apparent 

Tenacity of 

Joint in Tons 


Ratio of ap- 
parent Tenacity 


Description. 


Authority. 


of the Joint to 
the Tenacity of 


1 




^ifr^ 


the Oriffinal 


i 


— 


Plate, per Cent. 


Lap-Joints. 






Single Shear, punched . 


Fairbaim 


23-50 


91-2 


' •» •> >» • 


Kirkaldy . . . 


25-57 


Il6-2 


1 >» •> >> • 


Easton & Anderson 


16-35 


87-4 


i „ „ drilled . 


Greig & Eyth . 


21-17 


95-0 


- „ „ punched . 


Knight . . . 


1 2 -08 


56-4 


BUTT-JOINTS. 




1 
1 




; Single Cover, punched . 


Fairbaim . . . 


24-07 


93*4 


»> yy ?> 


Martell . 


; 19-95 




Double Cover 


Fairbaim . . . 


21-44 


832 


» «> »> 


Kirkaldy 


1 19-39 


86-4 


i Single Cover, drilled 


Greig & Eyth . . 


' 18-07 


8r2 


f Double Cover „ 


j> ty • ' 


20-65 


92-8 


„ punched . 


Knight . . 


1 J7'52 


90-0 



Table 56. — Average Results of Experiments showing the Resistance 
TO Shearing of Iron and Steel Rivets in Steel-Plates. 



Description of Joint. 


Authority. 


Holes 
made by 

Punch 

Drill 

Punch 


Shearing 
Resistance 
of Rivels in 

Tons per 
Square Inch. 

19-44 
17-27 
23-39 


1 Steel-Plates & Iron-Rivets. 
' Lap, double-riveted 

Lap, treble-riveted . . . 

Butt (one experiment) . 


Martell and Knight . 

Parker 

Martell .... 


Steel Plates & Steel Rivets. 
Lap, single-riveting . . . 

j» >» • • 
Lap, double-riveting . . 

' >> >i • • • 
Lap, treble-riveting 
1 „ „ (chain) . 
1 „ „ (zigzag). 
1 Lap, quadmple-riveting . . 

1 Butt, single-riveting 

1 „ double-riveting . . 


C Sharp and Greig ) 
( and Eyth . . ) 

if 

( Sharp, Martell, and ") 
I Kirkaldy . .j 
Sharp and Martell 
Easton and Anderson . 
Martell .... 
Parker and Denny 
>) 

n 

C Sharp and Greig 1 

I and Eyth . . ) 

>» 


Punch 

Drill 

Punch 

Drill 

Punch 

Drill 

>» 

i» 

»» 

... 


25-62 
23-67 

2399 
24-86 
19-85 
26-91 
24-65 

20-CX> 
19-20 

22-72 
24-93 



Q 2 
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Table 57. — Average Results of Experiments on Double-Riveted 
Steel Lap-Joints broken in Tearing. 



Plates. 



Unannealed; 



Annealed 

Drilled, unannealed 



Authority. 



Martell 

Kirkaldy . . . 

Easton & Anderson 

Martell . 

Greig & Eyth . . 



Apparent 

Tenacity of 

Joint. 



Tons per 
square inch. 
3072 
3900 
26-98 
31-40 
2689 



Tenacity of 
Plate. 



Ratio of 
Tenacity of 
Joint to that 

of Plate. 



, Tons per 
square inch. 

28-93 


Per Cent. 

io6-2 


32-50 
25-85 


120-3 

104-4 
108-5 
104-1 



Table 58. — Average Results of Experiments on Steel Plates, with 
Treble- Riveted Lap-Joints broken in Tearing. 



Riveting. 


Authority. 


Holes Apparent 

made Tenacity of 

by Joint. 


Tenacity 

of 

Plate. 

30-0 
28-8 


Ratio of 
Tenacity of 
Joint to that 

of Plate. 


Treble, iron rivets . ' Parker & Denny 
Treble, steel rivets . „ „ 


Punch 22-90 

Drill 32-93 

30-99 


Per Cent. 

76-3 

108-0 

107-5 



Table 59. — Average Results of Experiments on Double-Riveted 
Steel Butt- Joints broken in Tearing. 



Description. Authority. 


Apparent 

Tenacity of 

JoinL 

Tons per 
square inch. 

41-44 
41-02 
25-65 

25-41 
27-91 
24-17 


Tenacity of 
Plate. 

Tons per 
square mch. 
36-22 
3622 
28-93 
29-15 

25-83 
27-5 


Ratio of 

Tenacity of 

Joint to that 

of Plate. 


Unannealed. 
Double-riveted. One cover 
„ Two covers 
i» If 
If >» 

» ff 


Sharp . . 

Martell' . 
Boyd . 
Greig & Eyth 
Parker . . 


Per Cent. 

114-4 
II3-2 

88-7 
87-2 
io8-o 1 
87-8 ; 


Annealed. 
Double-riveted. One cover Martell . 

„ Two covers Kirkaldy . . 


22-90 

33-66 


28-93 
36-20 


79-2 i 
930 



Ezperiments on Biveted Joints.* — ^The average results of a number 
of careful experiments on several forms of riveted joints, broken by tearing 

* The Author is indebted for Tables 54-~6o to the Report on Riveted Joints by the 
Committee of the Institution of Mechanical Engineers. 
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and shearing, are given in Tables 54 — 60 : in which the ratio of the tension 
on the joint to the tearing section of the plate at the place of fracture is 
termed the " apparent tenacity " of the joint. 

The apparent tenacity is rendered less than the original tenacity of the 
iron, by injury done in drilling or punching ; by any irregularity of stress 
due to the way in which the rivets load or crush the plate ; and by any 
irregularity of distribution of stress due to the bending of the joint as, a 
whole under the action of the load. 



Table 60. — Results of Experiments on Double-riveted Lap and 

BUTT-JOINTS OF StEEL, HaND AND MACHINE RiVETED. 



ParticuUus. 



Thickness of steel plate, 
inches 

Visible* slip began at, tons 

Total breaking load, tons 

Tensile stress per square 
inch . . . tons 

Tensile strength per square 
inch of original plate 
in tons 

Shearing stress per square 
inch . . tons 

Bearing-pressure per sq 
inch . . tons 

Load per inch of breadth 

when visible slip began, 

tons 

Breaking load per inch of 
breadth of nominal thick- 
ness on original plate, 
in tons 

Breaking load per inch of 
breadth of nominal thick- 
ness at joint, in tons 

EflSciency of joint, per cent. 



Double-rivctcd Lap-joints. 



Hand, 
riveted. 



•404 
31-15 



M acbioe'riveted. 



Hydrattlic 

Preisure 

30 to 35 

Tons. 



Hvdraolic 
Pressure 
60 to 80 
Tons. 



•399 
3764 



87-34 87-16 

i , 
25-83 26-10 



2557 
21*34 
33-46 



24-94 
21*30 
33-84 



I 

2*57 : 3-05 



945 961 

6-98 7*o6 
73-9 73-5 



-745 
54*62 

173-8 
29-30 



28-37 
22-61 
26-37 

4*44 
21-28 



14-13 
66*4 



Double-riveted Lap and Butt- 
joints. 



Machine-riveted, with 

Hvdraulic Pressure of 

xoo Tons per Square Inch. 



jouit. 

•739 
69-74 



Butt- 
jotnL 

-757 
84*00 



242-4 187-5 



28-23 

2875 
20*27 
3434 

4-31 
21-56 



15-00 
69-6 



2633 

2865 
11-76 
38-90 

6-60 

21-73 



14*74 
67-80 



Butt- 
joint. 



-991 
84*71 
199-3 

26-51 



28-23 
18-62 
38-55 

8-33 
28-41 



19-72 
6940 



IMagonal Bawnui. — ^The riveted seams of the plates composing a belt of 
the shell of a stean^-boiler have in some cases been arranged in an inclined 
direction, as shown in Fig. 141, with the object of increasing their strength. 
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The circumferential seams being double as strong as the longitudinal seams 
of a cylindrical boiler-shell, to resist internal pressure, by inclining the latter 
seams they may be made to partake of the strength of the former, and the 
strength of the boiler-shell may be considerably increased. 

The ratio of strength, R, of an inclined or diagonal seam, to that of a 
straight seam, or ordinary longitudinal seam of a boiler-shell, may be found 
by this Rule : — 



R = 



li/ [(cosine of angle of inclination of seam)^ x 3 + i]* 

The cosine of the angle of inclination 
may be found from a table of natural sines 
of angles. 

Example: How much stronger is a 
riveted seam when inclined at an angle of 
45^, than a similar straight seam, such as the 
longitudinal seam of a cylindrical boiler- 
shell? 

Then, the cosine of angle 45° is 707, and 
707 X 707 = -499 X 3 = i'497 + I = 2-497, 
and V 2-497= 1-573, then 2 -f- 1-573= 1*27. 

Showing that a diagonal seam at this 

angle is 27 per cent, stronger than a similar 

seam placed longitudinally. 

of seam is that it is very wasteful of material, 

be cut to waste in forming the ends of the 




Fig. Z41 
Diagonal seam of boiler-shell. 



The objection to this form 
a quantity of plate having to 
plates to the required angle. 




Fig. X4«.' Fig. 144. Fig. 145. 

Fig. 143 & 144.— Caulking tools. Fig. 145.— Fullering tool. 



Fig. 143. — Example of caulking 
with a sharp-nosed tool. 



Caulking the Sivated Joints of Steam-Boilers. — The joints or 
seams of the plates of boilers are frequently caulked to render them tight 
and free from leakage. But a riveted joint, of good proportions with well- 
fitted plates riveted in the best manner, should not require caulking, as the 
joints should be perfectly water-tight. Caulking is liable to injure the edges 
of the plates and produce flaws which may afterwards develop into fractures. 

When caulking is performed with a thin-pointed tool as shown in Fig. 
14a, a thin piece of the plate is driven between the plates and they are 
not metal to metal, being separated from the edge of the lap to the line of 
rivets as shown in Fig. 143. 
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A sharp-nosed tool is also liable to cut the skin of the plates along the 
edge of the lap of the joint, and induce corrosive grooving. When caulking 
is adopted, it should be performed with a round-nosed tool as shown in 
Fig. 144. 

When joints are not tight it is much better to fuller than caulk the 
plates. By fullering the edges of the plates with a square-nosed tool, as 
shown in Fig. 145, the plates are closed and brought into contact in slack 
places, and a metal-to-metal joint may be secured. 

The surfaces forming the joint should be sponged with a weak solution 
of sal-ammoniac and water, to remove the oxide and obtain clean faces of 
the metal. 

The edges of the plates should be planed to an angle of 75^ as shown in 
Fig. 146, to obtain a true edge and facilitate fullering. 




Fig. 146.— Riveted joint. 



Fig. 147. — Cylindrical shell with flat -end. 



Flat-SncUi of Cylindrical Shall*. — The unstayed flat-ends of a 
cylindrical shell are very weak compared with the strength of the shell. 

The bursting-pressure of the unstayed flat end of a cylindrical shell, as 
shown in Fig. 1 47, may be found approximately by this Rule : — 

Bursting-pressure of fiat unstayed end in pounds per square inch = 
Thickness of plate in inches x tensile strength of the metal in pounds 
Area of the end plate in square inches x '09 

The diameter of the plate for this Rule is to be measured from centre to 
centre of the rivet-holes when the end is attached to the shell by an angle- 
hoop, or from the root of the flange when the end-plate is flanged. 

Example : Required the bursting-pressure of the unstayed fiat crown of a 
vertical boiler, flanged to join the shell. Diameter of end-plate measured 
from the root of the flange, 30 inches. Thickness of end-plate, | inch ; 
tensile strength of the steel 60000 lbs. per square inch } 

T-u '375 inch thick x 60000 lbs. , . . 

^''^" 30 X 30 inches X 7854 X -0 9 = 354 pounds per square inch. 

the bursting-pressure of the fiat end of this shell. 

The thickness of the fiat unstayed end required to resist a given bursting- 
pressure may be found by this Rule : — 

Thickness of fiat unstayed end of a cylindrical shell = 

A rea of the end-p late i n squ are inches x 09 x bursting-pr essure 
Tensile strength of the metal in pounds per square inch 
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Example: Required the thickness of the end-plate described in the 
preceding example, to be equal to a bursting-pressure of 354 pounds per 
square inch ? 

Then 30 X 30 inches x 785 4 x -09 x 354 lbs, ^ 



600CX) lbs. per square inch 



= -375 inch, 



the^thickness required for this unstayed flat end-plate. 

The internal diameter of this shell is 33 inches, and the thickness and 
strength of the plates is the same as those of the end-plates. 

The bursting-pressure of the shell is = 

375 inch thick x 2 x 60000 lbs. . „ . , 

33 inches internal diameter = ^3^4 lbs. per square inch, 

or 1364 -f- 354 = 385 times as great as that of the end-plate of this shell. 

Bishad-BacUi of Cylindrioal Shells.— In 
order to make an unstayed end of a cylindrical 
shell equal in strength to that of the shell, it is 
necessary to dish the end to a radius equal to 
the diameter of the shell, as shown in Fig. 148. 

OuMMt-Stays for Flat Ends of Cylindri- 
oal Bhella. — ^The flat ends of cylindrical boilers 
are stayed either by longitudinal bolt-stays, bar-stays, or gusset-stays. When 
the design of the boiler permits their use, gusset-stays are most efficient 




Fif . X48.— Cylindrical shell 
with dished-eod. 




Fig. 149. -End plate of a Lancashire boiler. 

for this purpose, and they do not interfere with access to the boiler for 
cleaning or examination. 
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Gusset-stays are arranged in planes radiating from the^entre of the end- 
plate. Each gusset-stay sustains a pressure against a sector of the circular 
area supported, as shown by the dotted lines in Fig. 149. The rivet-section 
requisite for the ends of a gusset-stay is generally considerably stronger than 
the narrowest portion of the 
web of the stay, so that it is 
only necessary to compute the 
strength of the gusset-stay at 
the weakest part of its web, or 
at A in Fig. 150. 

The strength of gusset-stays 
may be calculated by the fol- Y/"^ *"■•• »*>•— <>a«^-««*y- 

lowing Rules, in which the 
working tensile stress allowed on the stays may be the same as that given for 
stud-stays on page 235. 

The working tensile stress on a gusset-stay may be found by this Rule — 

Area of surface supported in square inches x working pressure of stea m 
Depth of web at narrowest part in inches x thickness of web in inches 

Example: One of the gusset-stays of a Lancashire boiler of steel-plates 
has a web 14 inches deep at the narrowest part, and \ inch thick. It 
supports a surface of 525 square inches of the end-plate, and the working 
pressure of the steam is 1 20 lbs. per square inch. Required the tensile 
stress on the gusset-stay ? 

Then the working tensile stress on the gusset-stay in lbs. per square inch 
is = 

52s square inches of supported surface x ("^ stekL%re^ure '""^ ) ^ 
14 inches depth of web at narrowest part x '5 inch thickness of web 

9000 lbs. per square inch, the tensile stress on the steel-web of the gusset- 
stay. 

The depth of web of the gusset-stay in inches may be found by this 
Rule— 

Area of surface supported in square inches x working pressure of steam 
Working tensile stress on the stay x thickness of web in inches 

For instance, the depth of the web of the gusset-stay described in the 
preceding example is = 

5.C «iuare inches of supported sarface x (""JS^kP^^ ge"^^') _ 
9000 lbs. per square inch working tensile stress x *5 inch thickness of web 

14 inches, the depth of the web of the gusset-stay at the narowest part. 

The thickness of the web of the gusset-stay in inches may be found by 
this Rule--^ 
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Area of supported surface in square inches x working pressure of steam 
Working tensile stress on the stay x depth of web in inches 

Applying this Rule to the preceding example, it gives — 

5.5 square inches of supported surface x (""J^^kgp^rurl"') 

9000 lbs. per square inch working tensile stress x 14 inches depth of web 

= '5 inch, the thickness of the web required for this gusset-stay. 

The working pressure of steam in lbs. per square inch suitable for a 
gusset-stay may be found by this Rule — 

Working tensile stress allowed on the suy x (aels^y^j^ttch?, ) 
Area of surface in square inches supported by the stay 
Applying this Rule to the preceding example, it gives : — 

9000 lbs. per square inch working tensile strength x ( ^ .* ■ . thick ) 
525 square inches area of supported surface 

= 120 lbs. per square inch, the working pressure of steam to be allowed on 
this stay. 

The area of the sector of the circular area supported by a gusset-stay may 
be found by this Rule : — Multiply the length of the arc by its radius, and 
one-half of the product is the area of the sector. 

For instance, the length of the arc of the sector shown on the centre of 
the end-plate in Fig. 149 is 25 inches, its radius is 42 inches, and its area 
is = (25 inches x 42 inches) -7- 2 = 525 square inches. 
Stays for the Flat-Snrfikce* of Water-Spaced Plates.— Stud-stays, 

screwed into plates forming water- 
spaced compartments of steam- 
boilers, shown in Figs. 151 and 152, 
each sustain a pressure measured by 
a rectangle contained between four 
stays, as shown by dotted lines in 
Fig. 151, the side of the rectangle 
being equal to the distance between 
the centres of the stays, or to their 
pitch. 

Each stud-stay should be propor- 
tioned to the stress upon it, by the 
following Rules — 
Let S = the area of surface in square inches supported by each stay. 
P =5 the working-pressure of the steam in lbs. per square inch. 
A = the sectional area of the stay at the bottom of the thread, or 

smallest part, in square inches. 
T = the working tensile stress allowed on the stay, in lbs. per square inch. 




Fig. 151. Fig. 15a. 

Figs, zsi & 153.— Stud-stays for flat surfaces. 
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Then, for equilibrium of stresses, S x P must be equal to A x T. 

For instance, if the area supported by a stud-stay be 47 square inches, 
the working-pressure of the steam 150 lbs. per square inch, the sectional 
area of the stay i square Inch, and the working tensile strength of the stay 
7050 lbs. per square inch. 

Then, 47 square inches x 150 lbs. per 
square inch = 7050 lbs., and i square inch 
area x 7050 lbs. working tensile strength = 
7050 lbs., showing that the strength of the 
stay is equal to the strain upon it. 

The ucHonal area in square inches of Fig. 153.— stud-rtay. 

screwed stud-stays having a head at one 

end and a nut at the other, as shown in Fig. 153, or having each end 
of the stay riveted over to form a good head, may be found by the following 
formula, in which the notation is the same as given above, 

A S x P 

A = "~ 'r^ • 

The factor of safety for these stays should not be less than seven, and T 
should not be greater than \ of the ultimate tensile strength of the stay, or 
as follows : — 

"InK'r ^il^'Scg?" Workinglsuess, or .idue of T. 

Copper-Stays = 33600 -i- 7 = 4800 lbs. per square inch. 

Wrought-iron stays = 49000 -j- 7 = 7000 „ „ „ 

Mild-steel stays = 63000 -=- 7 = 9000 „ „ „ 

Example : Required the sectional area of a stud-stay of mild-steel to support 
49 square inches of area of surface, with a working-pressure of steam of 
1 50 lbs. per square inch ? 

rp, 49 square inches x igo lbs, pressure per square inch g r 

9000 lbs. per square inch "" 

square inch, sectional area, and /\J ' = \^ inch, the diameter of 

the stay at the bottom of the thread. 

The pitch in- inches of screwed stud-stays for fiat surfacet, when pro- 
vided with substantial heads, or fitted with nuts, may be found by this 
formula, in which the notation is the same as in the preceding Rule: — 

Pitch of stud-stays in inches = \/ _^_?LJ 

Example : Required the pitch of the stud-stays described in the previous, 
example. 
Then -8x667 square inch x q^ lbs per square inch ^ .^ 

150 lbs. per square mch pressure ^ 
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the area of surface supported by each stud-stay, and {^49 = 7 inches, the 
pitch of the stays required. 

The strain on the stay of a fiat surface per square inch of section may 
be found by this formula: — 

S X P 
Strain per square inch of section of each stay = — - — . 

For instance, the strain on the screwed stud-stay given in the preceding 

example is = 49 square inches x 150 lbs, pressure per square inch _ ^^^ 
'81667 square inch area of stay 

the straun in lbs. per square inch of section of each stay. 

The working-pressure of steam suitable for screwed stud-stays for flat 

surfaces when provided with substantial heads, or fitted with nuts, may be 

found by this formula : — 

A X T 
Working-pressure of steam in '' ' — ^ — 



A X 
s. per square inch = — --- 



For instance, the working-pressure suitable for the stayed surface 
described in the preceding example is s 

•81667 square inch x 0000 lbs. per square inch ,, ' ^ 

— -^ ; — i — ^-7 ^ — -1 := ICO lbs. per square 

49 square mches of supported surface 

inch, the working-pressure of steam suitable for this stayed surface. 

Stud-stays fitted with nuts as shown in Fig. 1 54 are more 
reliable, and give more effective support to a plate, than when 
formed with riveted heads. 

Stud-stays between the sides of a fire-box and fire-box shell 
frequently break at a point close to the fire-box shell- plate. 
The difference of temperature between the parallel plates 
causes one plate to expand more than the other, and bends the 
stay. This continual bending causes the scale to be frequently 
thrown off the stay and oxidation is promoted, leading to 
grooving and ultimate fracture of the stay. This defect may 
be greatly remedied by making the flanges of the plates with 
large curves to accommodate the expansion. 

Copper stud-stays for locomotive fire-boxes formed of 

copper-plates I inch thick, are generally either {^ inch diameter, 

screwed into the plates with 14 threads per inch, or -f| inch diameter with 

12 threads per inch. The maximum pitch of these stays is 4 inches, from 

centre to centre. 

Threads of 8ortw«d 8tiid-8t«js« — Screwed stud-stays may have 1 2 
threads per inch up to i} inches diameter; 10 threads per inch from i\ 
inches to if inches diameter; and 8 threads per inch from \\ inches to 3 
inches diameter. 

XK>ngiti&dinAl Stay-Bolts. — Longitudinal stay-bolts for the steam-space 




Fir X54|. 

Stud-suys htted 

with nuts. 
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of boilers, shown in Figs. 155 and 156, and other stay-bolts for plates not 
exposed to the impact of heat and flame, may be proportioned by the same 
Rules as given above for stud-stays, by employing a different factor of safety 
giving a different value for T, 
as follows: — ^When the stays are 
fitted with nuts and washers, 
the latter being riveted to the 
plate and not less in diameter 
than three times that of the 
stay, and having a thickness 
equal to \ that of the plate they 
cover, a factor of 6 may be 
used with these rules, and T 
may be = 49000 lbs. -f- 6 = 
8166 lbs. per square inch for 
wrought-iron stay-bolts, and 
= 63000 -f- 6 = 10500 lbs. per 
square inch for mild - steel 
stay-bolts. When the stays are 

fitted with nuts and washers, the latter being riveted to the plate and of a 
diameter equal to at least \ of the pitch of the stays, and having a thickness 
equal to that of the plate they cover, a factor of safety of 5 may be used, 
and T may be = 49000 lbs. -7- 5 = 9800 lbs. per square inch for wrought- 
iron stay-bolts, and = 63000 lbs. -f- 5 = 12600 lbs. per square inch for 
mild-steel stay-bolts. 




Figs. 155 ft 156. — Longitadinal stay-bolts. 




Figs. 157 ft 158. — Diagonal stays or palm stays. 



Diagoaal-Stajs or Palm-Stays. — ^Diagonal bolt-stays, bar-stays, or 
palm-stays, shown in Figs. 157 and 158, are employed in some cases for 
staying the flat ends of the cylindrical shells of steam-boileis. The resultant 
tension is greater on a diagonal-stay than on one placed longitudinally. 
The tension on a diagonal-stay is equal to the tension which a stay placed 
perpendicular to a flat surface, supporting the same area of surface, would 
sustain, divided by the cosine of the angle which the diagonal-stay forms 
with a perpendicular to the supported surface, as shown in Fig. 159. 

The tension in lbs. per square inch on a diagonal bolt-stay is = 
^Pressure of steam in lbs. per square inch x area\ 



\ of supported surface in square inches 

Cosine OC 
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For instance, if a diagonal bolt-stay at an angle of 60° supports a surface 
of 1 20 square inches of the end-plate of a cylindrical shell, with a steam- 





^Ui' 1 59-— Diagonal suy. 



Fig. i6a— Fork •jointed stay-bar. 



pressure of 120 lbs. per square inch. Then, a stay placed perpendicular to 
the end-plate would sustain a tensile stress = 1 20 square inches x 100 

lbs. per square inch pressure = 12000 lbs. 
per square inch. The cosine of angle 60*^ is 
•5, and 12000 -^ '5 = 24000 lbs. per square 
inch, the tensile stress on this diagonal stay. 

Proportioiui of Flat and BmulcL Eye- 
Bar Stays. — When a stay is fixed between a 
fork-joint, as shown in Fig. 160, or between 
two plates, as shown in Fig. 1 6 1 , the eye and 
pin should be proportioned to obtain uni- 
formity of strength. When proportioned by 
the following Joules, the strength is approxi- 
mately uniform in all parts for any thickness 
of bar less than, or not exceeding, its width. 

Proportions of stay-bars with forged eyes, 
drilled holes, and turned pins, shown in 
Figs. 162 and 163. 




Fig. 161.— Suy-bar. 








Figs. 163 & 163. — Stay>bar with forged end 



Figs. 164 & 165.— Suy^bar with stamped end. 



Diameter of wrought-iron pin = width of flat bar, A, or = diameter of 
round bar. 

Diameter of steel pin = width, or diameter, of bar x 75. 
Radius of eye, B, = diameter of pin x 1*2. 
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bottom 0/ thread 




Fig. 166.— Suy-tube. 



Radius of curve, C, = radius of eye, B. 

Depth of eye, T, = thickness of flat bar or diameter of round bar. 

Proportions of stay-bars with eyes stamped or cut out of bars, with drilled 
holes and turned pins, shown in Figs. 164 and 165. 

Diameter of wrought-iron pin = width of flat bar. A, or = diameter of 
round bar. 

Diameter of steel pin = width, or diameter, of bar x 75 

Radius of eye at the sides, B, = diameter of pin x 1*25. 

Radius of curve, C, = diameter of pin x 1*5. 

Radius of crown, or end, of eye, D, which is struck from the top of the pin, 
= diameter of pin x 75. 

Radius of curve, E, = ^^ 
diameter of pin x 1*25. 

Depth of eye, T, = 
thickness of flat bar or 
diameter of round bar. 

The rules apply to eye- 
bar stays of both wrought- 
iron and mild-steel. 

Stay - Tnb«B for 
Staying the Tnb«- 
Flates of Mnltitubii- 
lar Boilors. — Suy- 
tubes are employed in 
marine return-tube and 
other multitubular boilers 
to give support to the 
tube-plates. The stay- 
tubes are screwed into 
each tube-plate, and se- 
cured by nuts on one 
side, or on both sides, of 
the plate. A longitudinal 
section of a stay-tube is 

shown in Fig. 166 ; and an end-view of a tube-plate with a number of stay- 
tubes, marked S, is shown in Fig. 167. The sectional area of stay-tubes 
may be found by the following formula : — 

. I^t A = the area of that portion of the tube-plate containing the tubes. 
a = the area of the holes in the tube-plates for the tubes. 
P = the working-pressure of the steam in lbs. per square inch. 
T = the working tensile stress allowed on the tubes per square 
inch of section. 

Total sectional area of stay-tubes in square inches = 

A -a x_P 
T * 
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Fig. 167.— End riew of stay-tubes. 
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Example : In a return-tube boiler, working at i8o lbs. per square inch 
steam-pressure, one of the nests of tubes is 48 inches high and 44 inches 
wide, containing 73 tubes inclusive of stay-tubes. The thickness of the 
stay-tubes is -^ inch at the bottom of the thread, and the working tensile 
stress on the tubes is to be 7000 lbs. per square inch. Required the total 
sectional area of the stay-tubes, and their number ? 

Then, the area of the tube-plates is = 48 x 44 inches = 2112 square 
inches. The area of the end of the tubes is = 3*5 inch x 3*5 inch x 
•7854 = 9*621 area of one tube x 73 tubes = 702 square inches, 

. 21 12 — 702 square inches x 150 lbs, per square inch 
7000 pounds per square inch working tensile stress 

= 3021 square inches, the total sectional area of the stay-tubes re- 
quired. The sectional area of one stay-tube is = (3-5 x 3*5 x 7854) — (3 
X 3 X 7854) = 2-552 square inches. Therefore 30-21 square inches 
total sectional area -^ 2*552 square inches area of one tube = 12 stay-tubes 
are required for this nest of tubes ; but to provide for the thinning of the 
tubes, due to wear and corrosion, at least double this number of stay-tubes 
would be provided in practice. 

Screw-Thxeadfl of Stay-T^bes. — Stay-tubes of all sizes may have 
screws of nine threads per inch. 




Figs. Z7Z & 179. —Split girder-stay. 



FiKs> 168-170. — Solid girder-stays. 



Qirdar Soof-Stays of Firtt-BozM and Combiistion-CliamlMn. — 

The flat crowns of fire-boxes of boilers of the locomotive type, and of 
combustion-chambers of return-tube boilers, and other boilers, when not 
stayed by bolt-stays to the outer shell, are strengthened by girder-stays fitted 
to the crown-plates. The girder-stays are either in one piece, as shown in 
Figs. 168 — 170, or split, that is, formed of two plates, either welded together 
at the ends, or riveted together with distance-pieces between them, as showp 
in Figs. 171 and 172. A water-space of from i^ to 2 inches deep is provided 
under the girders to permit the circulation of water. 

Girder-stays are sometimes formed with bosses on the bottom surface, 
into which screws are inserted from the inside of the fire-box. 

When girder-stays arc secured by bolts which are not shouldered, ferrules 
are placed on the bolts in the water-space to permit the bolts being tightened 
without bending the crown-plate. The ends of the girders are fitted only to 
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the edges of the crown-plate in some cases ; and in others they bed both 
upon the edges of the crown-plate and on the round comers of the end« 
plates, as shown in Fig. 170, which is the firmer arrangement. The length 
of the girder-stay is equal to the length of the crown-plate in the former case, 
and to the outside length of the fire-box in the latter case. Girder-sta3rs are 
sometimes attached by sling-stays to the roof of the shell in order to relieve 
the pressure on the top of the tube-plate. 

Girder-stays for the roofs of fire-boxes and combustion-chambers may be 
proportioned by the following formula : — 

Let C = 5400 for girder roof-stays of wrought-iron. 
C = 6000 for girder roof-stays of mild-steel. 
d = the depth of girder at the centre in inches. 
T s= the thickness of girder at the centre in inches. 
N = the number of bolts supporting the girder, or bolting it to the 

crown-plate. 
L = the length of the girder from end to end in inches. 
P = the pitch of the supporting bolts in inches. 
D = the distance the girders are spaced apart from centre to centre 

in inches. 
S = the working-pressure of the steam in lbs. per square inch to be 

allowed on the girder-stays. 

7'Ae depth of the girder-stay^ d, in inches = 

'V C X T X Vn 

Example: The top of a combustion-chamber of a marine return-tube 
boiler is strengthed by girder-stays of mild-steel, each 30 inches long and 2 
inches thick. Each girder-stay is secured by three supporting bolts of 8 
inches pitch, and the girders are spaced 8-^- inches apart from centre to 
centre. What should be the depth of the girder for a working pressure of 
steam of 187 lbs. per square inch ? 

Then d = ^^ 7 ^^s. x 8*25 inches x 30 inches x (3 i nches — 8 inches ) 

6000 X 2 inches thick x yj 
= 49 and {/ 49 = 7 inches, the depth of girder-stay required. 

The thickness of the girder-stay in inches y T, may be found by this 
formula : — 

rp _ (L - P) X p X L X S 
</*^ X C x'yi^ 

Applying this rule to the previous example, 
T =r (3Q — 8) X 8*25 inches x 30 inches x 187 lbs. _ . , 
T Ys ^ inches x 6000 x V~i 
the thickness required for this girder-stay. 

S.B.C. " R 
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The working-pressure of the steam in lbs. per square inch, S, to be 
allowed on the girder may be found by this formula : 

g _ C X dp' X T^ X IT^ 
(L- P) X D x.L* 

Applying this Rule to the previous formula, 

S = 6000 X 7 X 7 X 2 X ^T^ ,87 lbs. per square inch, 
(30 — 8) X 8-25 X 30 

the working-pressure of steam suitable for these girder-stays. 

The diameter of the supporting bolts for girder-stays may be found by 
the same Rule as given on page 235 for stud-stays. For instance, each 
bolt of the girder-stays in the previous example supports a surface = 8 
inches pitch x 8*25 inches distance between the girders from centre to 
centre = 66 square inches, and 

(187 lbs. per square inch steam pressure x 66 square \ 
inches of supported surface / 

9000 lbs. per square inch, the working tensile stress 

s= 1*37 square inches, the sectional area of the mild-steel bolt, and := 

J_*1Z. = It* inches, the diameter at the bottom of the thread of each 
7«54 

bolt supporting the girder-stay. 

The working-pressure suitable for the supporting bolts of girder roof- 
stays, and the strain on them per square inch of section may be found by 
the Rule given for stud-stays on page 236. 

8tej-Bolts for th« Boofii of Fire-Boxes. — ^The roofs of the fire- 
boxes of locomotive boilers are in some cases stayed directly to the shell by 
stay-bolts. Boilers of modified locomotive-type have the roofs of the shells 
of the fire-boxes formed flat, and the roofs of the fire-boxes are stayed 
directly to the shell by stay-bolts of | or i inch diameter. These stays 
are very efficient, and do not impede the circulation of the water. They 
may be proportioned by the same Rules as given for stud-stays on pages 
234—236. 
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SECTION V. 



DESCRIPTION AND PROPORTIONS OF COR- 
NISH, LANCASHIRE, AND OTHER TYPES 
OF STATIONARY BOILERS ; BOILER - 
SETTING ; MULTITUBULAR - BOILERS ; 
LOCOMOTIVE - BOILERS ; PORTABLE - 
BOILERS; MARINE-BOILERS; VERTICAL- 
BOILERS; WATER-TUBE BOILERS, ETC. 
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The evaporative performance of these boilers is seldom more than from 
6 to 8 lbs. of water from and at aia® Fahr. per lb. of coal. 




Fig. X74.— Setting of an egg-end boiler. 



Fig. 175.— Section of Cornish boiler. 



Comish Boilers. — ^The Cornish boiler shown in cross section in Fig. 
175, and in longitudinal section in Fig. 176, is an efficient form of boiler 
for small power. It is of simple and durable construction, requires few 
repairs, and will bum inferior qualities of fuel with economy. It consists of 




Fig. 176.— Longitudinal section of Cornish boiler. 

a cylindrical shell with flat ends, having a furnace-tube placed inside, 
extending from end to end of the boiler. The furnace-tube is fitted with 
Galloway-cone circulating-tubes. The fire is placed on a grate fixed inside 
the front end of the furnace-tube. The end-plates are each formed in 
one piece; the hole for the furnace-tube is cut out in a lathe. The 
longitudinal seams of the shell are double riveted, and the circumferential 
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seams single riveted. The longitudinal seam of each belt of plates of the 
furnace-tube is welded. 

The diameter of the furnace-tube is generally = diameter of boiler x '5 
to '6. The water-space beti^een the bottom of the furnace-tube and the 
shell should not be less than 6 inches. The length of the boiler is generally 
equal to from 3 to 4 times the diameter of the shell. 

This boiler works well, even with moderately impure feed-water, because 
impurities deposited as sludge by the water tend to settle below the intensely 
heated parts, or at the bottom of the boiler, whence it can be removed by 
blowing oflF, and what little settles on the furnace-tube may be removed 
when the boiler is cleaned. 

The results of a number of evaporative tests of Cornish boilers are given 
in Table 80, page 353. 

Keatmg-surfAca of Comisli Boiltw. — The heating-Simf^ifp^ of a 
Cornish boiler, fitted with the usual number of Galloway lubi^ ii^ the 
furnace-tube, may be estimated approximately by the followixiig Jd^U ;^— 

Effective surface in square feet = 

(diameter of boiler in feet) ^ x length of boiler in feet x '55. 

For instance, the eflFective heating-surface of a Cornish boiler of 5 feet 
diameter and 20 feet long, having a furnace-tube equal in diameter to one- 
half that of the boiler, and fitted with Galloway-tubes, is approximately = 
5x5 feet diameter x 20 feet long x '55 = 275 square feet. 





Fig. 177.— Galloway cone-tubes. Fig. 178.— Water-leg in a famace*tube. 

Tha Cirenlatioii of the Water in Cornish Boilers is very defective, 
and there is considerable difference of temperature in different parts of the 
boiler. In getting up steam, the top of the boiler becomes much hotter 
than the bottom, and causes unequal expansion and injurious straining of the 
structure. This evil is mitigated by the employment of Galloway cone- 
tubes in the furnace-tube, as shown in Fig. 177, which improve the circu- 
lation and increase the temperature of the dead-water below the tube. 

Many devices have been employed to remedy the sluggish circulation 
under the furnace-tube, and render the temperature more uniform through- 
out the boiler, but they have not proved to be of much advantage. A device 
for this purpose is shown in Fig. 178, but it has not proved so effective in 
practice as ordinary cone-circulating-tubes in the furnace-tube. It consists 
of a water-leg fixed in the furnace-tube a little beyond the fire-bridge, con- 
necting the water-space above the furnace-tube with that below it. In 



248 



STEAM-BOILER CONSTRUCTION. 



another device a current of water from above to below the furnace-tube is 

induced by means of an injector. 
LaaoaAire Boilers. — The Lancashire boiler is a favourite type of 

boiler for supplying steam for factor}-engines. It is economical, durable, 

inexpensive in repairs, and having a 
large evaporative surface produces 
a good and steady supply of practi- 
cally dr>' steam. 

It consists of a cylindrical shell 
with flat ends, having two internal 
furnace-tubes extending from end to 
end of the shell. A cross-section of 
the boiler is shown in Fig. 179, and 
a longitudinal section in Fig. 180, 
The shell is composed of rings or 
belts of plates about 3 feet wide, 
arranged alternately in outer and 
inner belts, with single-riveted cir- 
cumferential seams. Each belt is 
preferably formed of one plate, with 
longitudinal seams placed right and 
left alternately of the top centre-line 

of the boiler and at a suitable distance from it. When arranged in this 

manner the longitudinal seams are not concealed by the brickwork-setting. 

The longitudinal seams are lap-jointed and double-riveted for moderately 

high pressures, and butt-jointed with double butt-straps treble-riveted for 

high-pressures of steam. 




Fig. 179.— CrosS'Section of Lancashire boiler. 




Fig. z8o. — Longitudinal section of La n cas h ire boiler. 

The end-plates are each formed in one piece. The back end-plate is 
either flanged to join the shell, as shown in Fig. 181, or attached by an 
inside angle-ring, as shown in Fig. 182, to prevent injuiy from impinge- 
ment of flame. The front end-plate is attached to the shell by an external 
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angle-ring, as shown in Fig. 183, for the purpose of increasing its 
elasticity. The end-plates are usually from yV ^^^^ ^^ i ^^^^ thicker than 
the shell-plates. They are stayed to the shell by seven gusset-stays, five 
being placed above the furnace-tubes and two below them. The diameter 
of both the furnace-tubes and the shell is measured internally, that of the 
shell being taken inside the inner belt of plates. 






Fig. i8x.— Back end-plate. Fig. 183.— Back end-plate. Fig. 183 —Front end-plate. 

The diameter of the boiler is governed by the size of the furnace-tubes. 
The fire is placed on a grate fixed in the front end of the tubes. The size 
of each furnace-tube is limited by the width necessan' for the maintenance 
of a good fire. The mimimum internal diameter of tube necessary for this 
purpose is 2 feet 9 inches. The internal diameter of each furnace-tube 
is equal to the internal diameter of the shell of the boiler multiplied by '4. 
For instance, the diameter of each furnace-tube for a shell 7 feet 6 inches 
internal diameter is 7*5 x '4 = 3 feet. The space between the furnace- 
tubes should not be less than 5 inches, and that between the fui^ace-tube 
and the shell not less than 4 inches, in order to permit free circulation and 
facilitate cleaning. 

The furnace-tubes are generally f inch thick for a working-pressure of 
steam up to 70 lbs. per square inch ; ^ inch thick for 85 lbs. pressure per 
square inch ; -j^ inch thick for 100 lbs. pressure per square inch ; and \ 
inch to y*g inch for higher pressures. 

Each belt of plates forming a furnace-tube, consists of a single plate bent 
to the required diameter and welded at the longitudinal seam, to secure a 
truly circular tube. The circumferential seams are formed efther with 
Adamson's flanged seams, or strengthening hoops of bridge-section. It is 
necessaiy to allow breathing room all round the outside of the ends of the 
furnace-tubes, to permit the end-plates to spring and accommodate the 
greater expansion of the tubes than that of the shell. This is obtained by 
leaving a space of 10 or loj inches between the centres of the bottom rivets 
of the gusset-stays and the centres of the rivets securing the furnace-tubes 
to the end-plates. The furnace-tubes are reduced in diameter at the back 
end, to make room for the attachment of the back end-plate by an inside 
angle-ring. This arrangement permits a man to get down between the tubes 
to the bottom of the boiler. The furnace-tubes are generally fitted with 
Galloway tubes, which are either riveted or welded into their places. 

The confined space between the furnace-tubes makes it difficult to clean 
Lancashire boilers. The cleaning would be greatly facilitated if the 
diameter of the furnace-tubes were reduced about one-sbcth in diameter for 
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two-thirds of the length from the back-end of the boiler. For instance, the 
furnace-tubes of a Lancashire boiler of 7 feet 6 inches in diameter, and 30 
feet in length, might be 36 inches diameter for 10 feet in length from the 
front-end of the boiler, and = 36 — 6 = 30 inches diameter for the 
remaining 20 feet in length of the tubes. 

Two longitudinal stay-bolts are employed to assist the end-plates, and 
relieve the strain on the gusset-stays. They are frequently i| inches 
diameter, with swelled screwed-ends secured to each end-plate by inside and 
outside nuts and washers, and they are placed sufficiently high above the 
furnace-tubes to prevent restriction of the elasticity of the end-plates. The 
manhole in the shell is strengthened by a strong raised mouthpiece, and the 
mud-hole beneath the furnace-tubes is also fitted with a mouthpiece. Fitting- 
blocks of the same material as the boiler are provided for the mountings. 

The length of the boiler is generally equal to about four times the diameter 
of the shell. It was found in some experiments that no economy was gained 
by making the length greater than this. 

As it is generally difficult to provide space in London for ordinary 
Lancashire boilers of four diameters long, a shorter Lancashire boiler is 
frequently employed there, equal to from two and one-half to three diameters 
long. Lancashire boilers of this length do not present a sufficiently long 
run of heating-surface for the fuel-gases to become efficiently absorbed, 
and mudh heat passes to waste up the chimney. When short boilers are 
used they should be fired with fuel which develops the greater portion of its 
heat on the fire-grate, and little passes away in the products of combustion. 

The results of evaporative tests of a number of Lancashire boilers are 
given in Table 80, page 353. 

Keattng-SnrfiM^e of £aaoashir« Boilers.— The heating-surface of a 
Lancashire boiler, fitted with the usual number of Galloway tubes in the 
furnace-tubes, may be estimated approximately by this Rule : — 

EflFective heating-surface of a Lancashire boiler in square feet = 
(Diameter of boiler in feet)^ x length of boiler in feet x '63. 

For instance, the effective heating-surface of a Lancashire boiler of 7 
feet diameter and 28 feet long, with five Galloway tubes in each furnace- 
tube, is approximately ^^ j x, j feet diameter x 28 feet long x '63 = 
865 square feet. 

Fumaoe-Montlipiaca of Tiano>Bhir» Boilers. — ^The mouthpieces of 
the furnace-tubes of Cornish and Lancashire boilers are in some cases made 
of cast-iron, but it is not a suitable material for this purpose. The castings 
are liable to fracture, and they generally cover up so much of the end-plate 
as to interfere with the inspection of the joint of the furnace-tube with the 
end-plate. The furnace mouthpiece is best formed of two plates of 
wrought-iron or mild-steel, with an air-space between them. The outer 
plate is fitted in the end of the tube, and the joint is covered with a brass 
bead, placed inside the ring of rivets which attach the tube to the end-plate. 
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Fig. 184.— Mouthpiece of furnace. 



as shown in Fig. 184. It is fitted internally with an arch-piece surrounding 
the fire-door, supporting a lining of fire-clay for protecting the front of the 
mouthpiece. 

The furnace-door is generally about 12 inches high, and from 15 to 
20 inches wide, according to the size of the boiler. It is provided with 
a grid for admitting air above the fire, which is distributed through a 
perforated box baffle-plate attached to the door. The perforations are 
usually tV o^ 4 ^"^^ ^^ diameter, and 
have an aggregate area of from 2 to 
3 square inches per square foot of 
fire-grate surface. Some kinds of 
coal, however, require a greater space 
than this for the admission of air 
above the fire, and the area of per- 
forations necessary to secure eco- 
nomical combustion is in some cases 
from one-thirtieth to one-fonieth of 
the area of the fire-grate. 

Brick-work-Setting of Cor- 
nish and Lancajikira Boilem. — 
It is important to have boilers pro- 
perly seated on a dry foundation. 
Cornish and Lancashire boilers are 
set in brick-work, lined with fire- 
brick on the surfaces exposed to heat. 
The brick-work should be laid on 
a concrete foundation of at least six 
inches thick, and be so constructed 
as to admit of being readily taken 
down in parts where required for 
inspecting and repairing the boiler, 
and it should be arranged to prevent 
harborage of moisture. To prevent 
the lodgment of moisture in contact 
with the plates the boiler is best set on fire-brick blocks, elevated above the 
bottom of the side flues, and having narrow surfaces for the boiler to rest 
upon, as shown in Fig. 185. The blocks should be recessed at the ring- 
seams to permit examination of the seams. The recess should be filled 
with fire-clay, which can be removed when the boiler is inspected. 

The flues should be large enough for a man to creep easily along from 
end to end when clearing or inspecting the boiler. They should be so 
constructed as to facilitate external examination of the shell, and to conceal 
as little of the surface of the plates of the boiler as possible. The side-flues 
should be from 9 to 10 inches wide at the top and be covered in with 
curved blocks of fire-bricks, as shown in Fig. 186, placed a little above 
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Fig. 185.— Boiler seating-block. 
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the top of the fumace-tube. They should extend down to the level of the 
bottom of the boiler. The bottom flue should not be less than two feet 
deep at the vertical-centre line of the boiler, and its width should be equal 
to the radius of the shell. When the width of flue is thus proportioned, 
the angle that the bearing-surface of the heating-blocks makes with the 
horizon is 30 degrees for any diameter of boiler. 
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Fig. 186.— Section of Lancashire boiler and brickwork setting. 

The best results are obtained when the flues are so arranged that the 
products of combustion pass from the furnace-tubes to the flue under the 
bottom of the boiler, near the front end of which the gases are divided into 
two currents, one of which passes along each side-flue, and the currents 
unite in the main flue leading to the chimney. In this arrangement the 
bottom of the boiler is maintained at a temperature more nearly approaching 
to that of the top, the dead-water underneath the fumace-tube is more 
effectively heated, and greater uniformity of temperature is obtained 
throughout the boiler, than when the products of combustion pass first 
through the side-flues and last under the bottom of the boiler. 

The down-take flue at the back end of the boiler should be about 2 feet 
6 inches wide lengthways of the boiler, and it should be covered in either 
with cun'ed blocks of fire-brick or with an iron plate covered with brick- 
work. This flue should be divided into two compartments by a narrow 
wall between the furnace-tubes, so that the currents of the gases from the 
furnace-tubes may not unite until they reach the bottom flue, in order to 
prevent disturbance of the draught. 

The thickness of the walls of the sides of the flues may be 14 inches, and 
the depth of brickwork above the side-flue may be 9 inches. Fire-clay 
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should be used for jointing 
the bricks to the plates of the 
boiler. Mortar is not suitable 
for this purpose, because 
it readily absorbs moisture 
and induces corrosion. Care 
should be taken to prevent 
the formation of holes in the 
brickwork through which air 
may pass into the flues. The 
face of the brickwork at the 
front of the boiler should be 
set back 6 inches, so as to 
leave the angle- ring and its 
rivets open for ready inspec- 
tion. 

The flues of Cornish and 
Lancashire boilers are fre- 
quently cramped with the 
object of keeping the fuel- 
gases in contact with the 
plates of the boiler, but mode- 
rately wide flues are quite as 
efficient as narrow flues, and 
they permit ready access to 
the boiler. The hotter gases 
being lighter always rise to 
the top of the flues, whatever 
be their size or shape. Narrow 
flues do not permit proper 
cleaning of the heating-sur- 
faces, which become covered 
more or less thickly with a 
permanent coating of soot, 
and results in their heat-trans- 
missive efficiency becoming 
considerably reduced. 

Lanoa«hire Boilers 
shown in the Frontis- 
pieoe. — The frontispiece 
shows four of a range of six 
Lancashire boilers each 7 
feet 6 inches in diameter and 
30 feet long, of mild-steel 
plates, a longitudinal section 
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of which is shown in Fig. 187. The fumace-tubes are 3 feet diameter, and are 
each fitted with five conical circulating tubes. They are \^ inch in thickness, 
welded longitudinally, and have flanged transverse joints. The shell-plates 
are 1^ inch thick, each ring being formed of one plate, with longitudinal 
double-riveted butt-joints, having inside and outside butt-straps. The end • 
plates are each in one piece, -^ inch thick, with openings for fomace-tubes 
bored out, and the edges of the plates are turned. All the rivet-holes were 
drilled in position after the plates were bent. The edges of the plates are 
planed. The seating-blocks for the mountings are of steel. The test- 
pressure of the boiler was 1 50 lbs. per square inch, and the working pres- 
sure is 80 lbs. per square inch. 




Fig. x88.— Three-flued boiler by Yates L Thorn, Blackburn. 



Tlurea-Flued Boiler. — ^A modified Lancashire boiler is shown in 
Fig. 188. It is 8 feet diameter and 30 feet long, and has three fumace- 
tubes, two being 3 feet diameter, and one 2 feet 3 inches diameter. The 
advantages claimed for this boiler over an ordinary Lancashire boiler are that, 
it contains a larger heating-surface ; a large volume of dead-water is dis- 
placed by the bottom furnace-tube ; a more efficient circulation, and 
greater uniformity of temperature is obtained throughout the boiler. 



EVAPORATIVE CAPACITY OF STATIONARY BOILERS. 



255 



resulting in a considerable reduction in strains from unequal expansion 
and contraction. The bottom furnace-tube forms an efficient Ftay for the 
bottom portion of the end-plates of the boiler. 

The total heating-surface of the boiler is 950 square feet, and the area 
of the fire-grate is 48 square feet. The boiler is set in a similar way to 
an ordinary Lancashire boiler, but a hood is fixed at the back-end of the 
bottom furnace-tube to prevent its draught being baffled by that from the 
furnace-tubes above it. 

▲▼erage SraporatlTe C»paoi^ of TianoaiMre and other 
8tatioiiary-Boil«ni. — ^The average evaporative capacity and power of a 
few general sizes of stationary-boilers of different kinds are given in the 
following Table : — 

Table 61. — Average Evaporative Capacity and power of Cornish, 
Lancashire, and Three-Flued Boilers. 





Sitt of Boiler. 


Evaporation 
in lbs. of 


Indicated Horse- 
Power of good 


Descripcbn of Boiler. 






modem compound 
engine the boiler will 
supply steam for. , 


Diameter. 


LoiRth 


water per 
hoar. 




Ft. In. 


Feet. 


Lbs. 


I. H. P. 


Cornish Boiler 


4 6 


If) 


1300 


75 


Cornish Boiler . . . 


5 


20 


2050 


120 


Cornish Boiler 


S 6 


21 


2600 


150 


Lancashire Boiler . . 


7 


28 


5cx)o 


300 


Lancashire Boiler . 


7 6 


30 


6coo 


350 


Lancashire Boiler . . 


8 


30 


66oo 


39^ 


Lancashire Boiler . 


8 6 


30 


7300 


430 1 


Yates & Thom's Three-Flued 








1 


Boiler 


8 


30 


8300 


480 


Yates & Thorn's Three-Flued 










Boiler .... 


M 


30 


8600 


500 


' Yates & Thorn's Three-Flued 










Boiler 


8 6 


30 


9000 


530 



The evaporative capacities of these boilers are those generally obtained in 
practice with easy-firing ; they may be increased by hard-firing. The last 
column of the Table gives the maximum power of engines the boilers 
are in a general way suitable for. 

Weight of Cornish, Lanoashire* and Three-Fined Boilers. — ^The 
weights of a few general sizes of Cornish, Lancashire, and Three-fiued 
boilers of mild-steel, are given in Table 62. 

Oalloway-Boilem. — The Galloway-boiler, shown in Fig. 189, is an 
excellent and very economical steam-generator. It consists of a cylindrical 
shell with two circular furnace-tubes at the front-end, being in this respect 
similar to a Lancashire-boiler. These tubes unite beyond the fire-bridges 
in a special form of flue-tube, which has the upper and lower surfaces 
struck from one radius. This flue-tube contains a number of cone-tubes 
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and side-pockets. All the tubes are alike, and have their flanges square to 
the centre-line of the tubes. 

Table 62. — ^Weight of Cornish, Lancashire, and Three -Flued 
Boilers of Mild -Steel, with the usual number of Cross- 
Tubes IN the Furnace-Tubes, for a Working-Pressure of Steam 
of ico lbs. per Square Inch. 



DescripUoD of BuUer. 



Cornish Boiler . 

Cornish Boiler 

Cornish Boiler . 

Lancashire Boiler . 

Lancashire Boiler 

Lancashire Boiler . 

Lancashire Boiler 

Yates & Thorn's Three- 
Boiler . 

Yates & Thorn's Three- 
Boiler. 

Yates & Thorn's Three- 
Boiler. 









Thicknesk 
of Shell. 
Plate*. 


Approximate Weight. 




Diameter. 


Length. 


Weight of 
Botler. 


Weight of 
Fittingi. 


beet. Inch. 


Feet. 


Inch. 


Tons. 


Tons. 




4 6 


15 


1 


4 


I 


. 


5 


20 


1 


5i 


H 


. 


5 6 


21 


H 


6t 


l\ 


. 


7 


28 


i 


15 


^i 


. 


7 6 


30 


U 


17 


3 


. 


8 


30 


■A 


l8f 


3i 


. 


8 6 


30 


i 


2l| 


3t 


Flued 












* • 


8 


30 


tV 


21 


3l 


Flued 












Fhipri 


8 3 


30 


H 


23i 


3f 


1 lUCU 


8 6 


30 


1 


24J 


4 




Fig. 189. — Galloway boiler by Galloways Limited, Manchester. 

The cone-tubes and side-pockets effectually break up the current of the 
fuel-gases, and absorb a considerable quantity of heat. The meeting of the 
•fuel-gases immediately behind the fire-bridges aids their combustion, and 
conduces to economy of fuel and the prevention of smoke. 

The circulation in this boiler being very rapid and efficient, it is not 
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necessary to run the products of combustion under the bottom of the boiler 
directly after leaving the flue-tube to obtain a more equable temperature of 
the water as in the case of Lancashire boilers. Therefore, the setting of 
the boiler is so arranged that the products of combustion on leaving the 
flue-tube at the back-end of the boiler divide and return along the side-flues 
to the front end, where they descend, re-unite, and pass under the bottom 
of the boiler to the main flue leading to the chimney. 

The average evaporative capacity and power of several sizes of Galloway- 
boilers are given in the following Table : — 

Table 63. — ^Average Evaporative Capacity of Galloway-Boilers. 



Size of Galloway.Boiler. 


Evaporation 

in Ibc of water 

evaporated 

per hour. 


Power of a good 

modem compound 

engine the boiler wilt 

supply steam for. 


6 feet 6 inches diameter, and 22 feet long . 

7 feet diameter, and 28 feet long . 

8 feet diameter, and 30 feet long . . . 


4200 
6000 
8000 


250 

350 
470 



W«ight of Chdloway-Boilttrs. — ^The weights of three sizes of 
Galloway-boilers of mild-steel are given in the following Table : — 

Table 64. Weight op Galloway Boilers of Mild-Steel for a 
Working-Pressure of Steam of 100 lbs. per Square Inch. 



Sin of Boiler. 


Thickness of 
Shell-Plalei. 


Approximate Weight. 


Diaoicter. 


Length. 


Weight of 
Boiler. 


Weight of 
Fittmgs. 


FeeU Inch. 
6 6 

I "" 

8 


Feet. 
22 

28 
30 


Inch. 

t 


Tons. 

loi 

20 


Tons. 
2^ 
2| 
3 



The results of several evaporative tests of Galloway boilers are given in 
Table 80, page 353. 

Modified Oallowaj-Boilw. — A modified type of Galloway boiler Is 
shown in Fig. 190. The flue-tube is of the ordinary Galloway type, and is 
fixed in a circular shell. The front-end of the tube is formed with a fire- 
box similar to that of a locomotive boiler. The fire-box is nearly square, 
and sufficiently deep to admit of the fire-grate being placed low enough 
to permit a large amount of fuel to be heaped upon it, as is necessary for 
burning megass and other refuse-fuels. 

The fire-box is stayed to the shell on all sides by screwed stays. The 
boiler is 6 feet 6 inches diameter, and 28 feet long, and contains 32 cone- 
tubes, 4 pockets, and a contracting pockets at the back-end. There is a 

S.B.C. $ 
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manhole at the top, and a mudhole at the back, underneath the tubes, of 
the boiler. Tne fire-box is 6 feet 6 inches long, 6 feet wide, and 4 feet 9 
inches high. There are 4 gusset-stays at each end, and the end-plate is 
flanged at the back-end, and at the front-end in the upper portion for 
attachment to the shell. 




Fig. 19a— Modified Galloway-boiler by Galloways Limited, Manchester. 




Fig. 191. •-Compound Galloway-boiler by Galloways Linuted, Mandiester. 



Compovad Oalloway-BoilMr. — A compound Galloway boiler is shown 
in Fig. 191. It combines the Lancashire, the Galloway, and the multi- 
tubular boiler. It consists of three portions enclosed in a circular shell ; 
the first portion consists of two plain furnace-tubes on the Lancashire 
principle. The products of combustion pass from the furnace-tubes into a 
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chamber of the Galloway-type, containing cone-tubes, forming the second 
portion, and thence they pass through a number of smoke-tubes, forming 
the third portion. 

The boiler is 7 feet 6 inches diameter, and 18 feet long; the two furnace- 
tubes are three feet diameter ; the oval chamber contains 8 cone-tubes ; 
there are 136 smoke-tubes of 3 inches external diameter; the end-plates are 
stayed by five gussets at each end, and 4 longitudinal stays. There is a 
manhole on the top of the shell, and a mudhole at the front-end, under- 
neath the furnace-tubes. The shell of the boiler is constructed in the 
ordinary manner ; the front end-plate is attached to the shell by an outside 
angle-hoop, and the back tube-plate is flanged to the shell. 

This boiler contains great power in a small space. It can be set without 
the flame traversing the boiler-shell, an important point in some situations. 




Fig. 19a.— Compound Lancashire and multitubular boiler by Galloways, Limited, Manchester. 

Compound Zrfuioasliiro and Multitubular Boiler. — A compound 
Lancashire and multitubular boiler is shown in Fig. 192. This boiler consists 
of two portions of circular form. The front portion contains two ordinary 
furnace-tubes, and the second portion contains a number of smoke-tubes. 
There is a space 4 feet long between each portion of the boiler; it is 
enclosed by brickwork, and forms a capacious combustion-chamber. The 
portions of the boilers are connected by a pipe of large diameter placed 
underneath them, so as to maintain an equal water-level, and also for ckar 
ing away sediment ; and the upper parts are connected by a steam-chest, 
so that the steam is taken equally away from the two portions of the boiler^ 

The first portion is 7 feet diameter, and 12 feet long, with 2 furnace-tubes 
of 2 feet 9 inches diameter, extending from end to end ; the second portion is 

s 2 
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7 feet diameter, and 12 feet long^ and contains 98 smoke-tubes of 4} inches 
extenial diameter. The connecting-pipe at the bottom of the boiler is 10 
inches diameter, and 9 feet long, attached bj two 10 inch diameter stand- 
pipes to the bottom of the boiler. The steam-chest connecting the upper 
portions is 2 feet 6 inches diameter, and 12 feet long. 

This boiler is as powerful as an ordinary one of equal diameter and length, 
and the weight is divided into two portions, a convenience in transport. 




Fig. t9>— Statiooftiy rctim-tabe boiler by IHvey, Paxnuu & Co., Colchester. 



Mnltitalralar Boil«ni. — ^Multitubular boilers of all kinds are excellent 
steam-generators when well-proportioned. They require to be fed with 
good water, otherwise the tubes become encrusted with mineral depoats 
from the water, and the evaporative efficiency of the boilers is thereby 
greatly reduced. When the feed-water is moderately pure the boiler may 
generally be maintained clean by blowing off a portion of the water two or 
three times a day, and by washing out the boiler occasionally with water under 
pressure from a hose. As the tubes are inaccessible for the purpose of 
inspection and cleaning they should be withdrawn, examined, cleaned, and 
replaced, once or twice a year, according to the scale-forming nature of the 
feed-water used. 

In many multitubular boilers the run of the gases is too short to obtain 
efficient absorption of the fuel-gases by the heating-surfaces, and much heat 
escapes to waste up the chimney. 

A stationary return-tube boiler is shown in Figs. 193 and 194. It i& 
7 feet 6 inches internal diameter, and 14 feet 6 inches long, with two 
furnace-tubes 2 feet 6 inches diameter, each fitted with t^o conical circu-> 
lating-tubes at the back end. The circumferential seams of the fumacei- 
tubes are formed with Paxman's strengthening and expansive joint. There 
are 74 smoke-tubes of 3 inches external diameter, and 14 feet 7 inches 
long. The products of combustion pass from the furnace-tubes into a 
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brick combustion-chamber at the back-snd of the boiler, and ihence return 
through the smoke-tubes to a smoke-box at the front of the boiler. The 
total heating-surface of the boiler is 1219 square feet. 

A horizontal stationary cylindrical 
multitubular boiler is shown in Fig. 195. 
It is internally fired and has a large 
fire-box, surrounded by water-spaces, 
and fitted with a high bridge at the back 
of the fire, for the purpose of protecting 
the tube-plate from injurious action of 
flame, and of forming a combustion- 
chamber behind the fire to assist the 
combustion of the gases before they 
enter the tubes. The shell is 6 feet 6 
inches diameter, and 16 feet long. There 
are 170 tubes of 3 inches external diame- 
ter and 7 feet 3 inches long. The 
heating-surface of the tubes is 967 square 
feet, and that of the fire-box 180 square 
feet, or a total heating-surface of 1147 
square feet. The area of the fire-grate 

is 30 square feet. Air is admitted below the fire-grate through an ash-hole 
at the front of the boiler, and above the fire through perforations in the 
fire-door. 




Fig. 194.— End-view of the boiler 
shown in Fig. 193. 




FiS* X95.— 'Horizontal qrlindrical mnltitnbalar boiltr. 

Compound Lanoa«hire and Mnltitnlralar Boil«r. — A combined 
Lancashire and multitubular boiler is shown in Fig. 196. The furnace-tubes 
at the front-end of the boiler are arranged in the same manner as in a 
Lancashire boiler, and they terminate in a combustion-chamber connected 
by smoke-tubes to the back end of the boiler. 

Stationaxy Boil«v of LocomotiTe Tjrpa. — ^A stationary boiler of 
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locomotive type with a long barrel is shown in Figs. 197 and 198. The 
fire-box is formed wider at the bottom than at the top. The fire-grate is 
6 feet 6 inches by 4 feet 10 inches. The shell is 4 feet 2 inches diameter 




Fig. 196.— Compound Lancashire and multitubular boiler. 




. _-^:^y 



Fig. 197. — Stationary boiler of locomotive type. 




Fig. 198.— End-view of the 
boiler shewn in Fig. 197. 



and 15 feet long. The total heating-surface is 844 
square feet. The area of the fire-grate surface is 
3 1 '4 1 square feet. 

Sztamally-Firad Mnltitulralar Boilers. — 
An externally-fired stationary multitubular boiler is 
shown in Figs. 199 and 200. It consists of a cylin- 
drical shell with flat ends, having a number of 
smoke-tubes extending from end to end of the boiler 
and communicating with a smoke-box surmounted 
by a chimney at the front end of the boiler. The 
lubes are generally from 3 to 5 inches diameter. 
The fire-grate is placed from 20 to 30 inches below 
the bottom of the boiler, according to the size of 
boiler and the nature of the coal. The top of the 
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fire-bridge is generally placed not less than 12 inches below the bottom of 
the boiler. A second bridge is sometimes placed near the back-end of the 
boiler of the same height as the fire-bridge, in order to form a combustion- 
chamber to assist the combustion of the fuel-gases. This bridge is sometimes 
perforated and carried up to the bottom of the boiler. A door is placed in 
the brick-work at the back of the boiler, at the fioor-line, for removing soot 
and ashes. 

The products of combustion pass along the bottom of the boiler, and 
return through the smoke-tubes to the chimney. The boiler is set in brick- 
work having air-spaces in the walls, to accommodate expansion from heat. 
The air-spaces also partly prevent radiation of heat. The fire-bridge is 
split to admit air behind the fire, to assist the combustion of the fuel-gases 
and the prevention of smoke. 

This type of boiler is a good steam-generator, but it has the objection 
of all externally-fired boilers that sediment is liable to accumulate on the 
plates at the bottom of the boiler, causing overheating and burnt plates. 
It should only be employed when the feed-water is very pure and deposits 
little sediment, or when it is purified before entering the boiler. 

The evaporative performance of these boilers is given at page 354. 

HdAting-SarlSftoe of Esbernally-Flred Cylindrical Multitubular 
Boilers. — From one-half to two-thirds the circumference of the shell of 
these boilers is exposed to the action of heat, according to the manner in 
which they are set. 

The heating-surface of boilers of average proportions, arranged as shown 
in Figs. 199 and 200, may be found approximately by the following 
Rule.— 

Total heating-surface in square feet of externally-fired cylindrical multi- 
tubular boilers = 

(Diameter in feet) ' x Length of boiler in feet x 2*25. 

For instance, the heating-surface of a boiler of this type, 5 feet diameter 
and 13 feet long, is approximately =5x5 feet x 13 feet x 2*25 = 732 
square feet. 

Weight of Sxtemally-Fired Multitubular Boilers.— The weights 
of a few sizes of externally-fired cylindrical multitubular boilers as shown in 
Figs. 199 and 200, are given in Table 65. 

Boiler with special Fcmace for Burning Beftuie- Fuels. — An 
externally -fired stationary multitubular boiler with a furnace specially 
arranged for the combustion of small coal of inferior quality, and refuse- 
fuels of various kinds, is shown in Fig. 201* The air for combustion is 
admitted at the back-end of the boiler. Part of the air passes through an 
opening under the fire-bridge to the fire-grate, and a portion is admitted 
behind the fire through a channel at the top of the bridge, and also through 
perforations in the bottom of the flue at the back of the bridge, as shown in 
the engraving. 
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Table 65. — ^Weight of Externally-Fired Cylindrical Multitubular 
Boilers of Mild-Steel Plates, as shown in Figs. 199 and 200, 
FOR A Working-Pressure of 100 lbs. per Square Inch. 



Diameter of 


Length of 
Boiler out- 


Number of 


Diameter of 


Thickness of 


Approximate Weight. 


BoUer. 


side tht 
Tube-Plates. 


Smoke- 
Tubes. 


Smoke- 
Tubes. 


Shell-Plates. 


Weight of 
Boiler. 


Weight of 
Fittings. 


Feet. Inch. 


Feet. 


Inch. 


Inch. 


Tons. Cwt. 


Tons. Cwt. 


3 


8 


30 


3 


8 

T« 




I 5 


3 6 


9 


38 


3 


5 
T« 


I 15 


I 6 


4 


10 


52 . 




f 




I 8 


4 3 


II 


56 
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2 15 


I II 


4 6 


12 


32 




f 




I 14 


5 


13 


42 




f 




2 


5 ^ 


14 


54 




if 


5 8 


2 6 


6 


^5 


72 




il 


6 10 


2 12 




Fig. SOI.— Externally-fired stationary boiler with Weitmyer's furnace. 

LooomotiTe Boilers. — ^This design of boiler permits the employment of 
a shell of comparatively small diameter, containing a large amount of 
heating-surface. The flat surfaces of the fire-box can be rendered equal in 
strength to the shell by stays, and it is a strong and efficient form of boiler. 
The belts or rings of plates forming the barrel of a locomotive boiler are 
arranged telescopically when lap -jointed, or in rings of diminishing 
diameter, the first of which is lapped inside the fire-box shell or casing, the 
second inside the first, and the third inside the second. When the ring- 
seams are butt-jointed they are of equal diameter and are united by an out- 
side covering-strip. The ring-seams are generally single-riveted. The 
longitudinal seams are butt-jointed with both inside and outside covering- 
strips double-riveted. 

A locomotive boiler for a working -pressure of steam of 160 lbs. per 
square inch is shown in Fig. 202. The barrel is composed of mild-steel 
plates -^ inch thick ; the external diameter of the smallest plate is 4 feet 
4 inches. The lengdi of the barrel is 10 feet 4 inches. The fire-box casing 
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is. 6 feet long, and 4 feet wide externally at the bottom ; the top and sides 
are in one plate of -^^ inch thick. The fire-box is composed of copper- 
plates i inch thick, and it is 5 feet 3 inches long, 3 feet 6| inches wide at 
the top, and 3 feet 3f inches wide at the bottom ; the height from the top of 
the fire-bars to the crown is 5 feet 6 inches at the tube-plate. The distance 
between the crown of the fire-box and that of the casing is i foot 7J inches. 
The fire-box tube-plate is of copper ^ inch thick where the tubes and 
stays pass through, and the remaining portion is reduced to f inch thick. 
The fire-box is stayed to the fire-box casing on all sides with copper stays 
pitched 4 inches. The stays are i inch diameter, of 14 threads to the inch, 
screwed steam-tight into the plates of both the fire-box and its casing, and 
have their ends riveted over to form heads. The thread is turned off that 
portion of the stay which is in the water-space. The crown of the fire-box 
is supported by eight girder stays secured by bolts to the crown-plate, and 
slung from the fire-box casing. 




Fig. ao3. — Locomotive boiler. 



The smoke-box is 2 feet 10 inches long outside, 5 feet 2 inches wide, 
the side plates are ^ inch thick and the front-plate is ^ inch thick. The 
chimney is i foot 4 inches diameter, and 13 feet 3 inches high from the rails. 

The boiler contains 220 tubes of copper, of if inch external diameter. 
The total heating-surface of the boiler is 1 103 square feet. The area of the 
fire-grate surface is 17*4 square feet. 

The results of a number of evaporative tests of locomotive boilers are 
given in Table 84, page 356. 

Heating-Snrflftoe aad Fire-Chrata SurfiEMM of LooomotlTa BoU«m. 
— The minimum area of the heating-surface and fire-grate surface of loco- 
motive boilers burning good coal, requisite for economical evaporation, 
may be found by the following Joules : — 

Total heating-surface in square feet of the boiler of a simple locomotive 
engine = 
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Area of one cylinder in square inches multiplied by 375. 
Fleating-surface of fire-box in square feet = 
Total heating-surface in square feet divided by 10. 
^ rea of fire-grate surface in square feet = 
Total heating-surface in square feet divided by 60. 
Area of tube-surface = 
Area of total heating-surface — area of heating-surface of the fire-box. 

The area of the air-space through the fire-door should not be less than 
one-seventy-fifth of the area of the fire-grate. 

Example : — Required the area of heating-surface and fire-grate surface 
for the boiler of a locomotive having two cylinders of 19 inches diameter. 

Then area of one cylinder = 19 x 19 inches x 7854 = 283*529 square 
inches, and 283*529 x 375 = 1064 square feet, the total heating-surface 
required. The heating - surface of the fire-box is = 1064 -=- 10 = io6'4 
square feet. The heating-surface of the tubes is 1064 — 106*4 = 957*6 square 
feet. The area of the fire-grate surface is= 1064 4- 60 = 17*73 square feet. 

When the heating-surface is calculated by the above RuUy the pro- 
portion of the heating-surface to the maximum indicated horse-power 
developed continuously by the locomotive, may be calculated approximately 
by assuming a piston-speed of 800 feet per minute, and a mean pressure of 
steam on the pistons equal to \ of the working pressure of steam. If the 
working-pressure be 160 lbs. per square inch, then, on this basis, the mean 
pressure is 160 -^ 3 = say, 54 lbs. per square inch. 

Taking the above size of cylinder, then 

T9 X 19 inches x '7854 x 2 cylinders x 54 lbs, pressure x 800 feet _^ 

33000 "" 

743, the indicated horse-power of this locomotive. 

The heating-surface provided in this boiler is = 1064 square feet -t- 743 
= 1*432 square feet per indicated horse-power, when the engine is exerting 
its maximum continuous effort. 

The above are the minimum proportions of heating-surface and fire-grate 
surface suitable for economical combustion. The following are the average 
proportions of locomotive boilers in practice : — 

Total heating-surface in square feet of the boiler of a simple locomotive- 
engine = 

Area of one cylinder in square inches multiplied by 4*75 to 5*75. 

Heating-surface of fire-box in square feet = 

Total heating-surface in square feet divided by 11 to 13. 

Area of fire-grate surface in square feet = 

Total heating-surface in square feet divided by 67 to 72. 

The area of the tube-surface may be found by deducting the heating- 
surface of the fire-box from the total heating-surface of the boiler found by 
these Rules. 



268 



STEAM-BOILER CONSTRUCTION. 



Weight of LooomotiTe Boilers.— The weights of several sizes of 
locomotive boilers, each complete with copper fire-box and tubes, but ex- 
clusive of the smoke-box and chimney, are given in the following Table, 
in which the dimensions are given internally. 

Table 66.— Weight of Locomotive Boilers or Mild-Steel, each 

FITTED WITH A DoME, AND HAVING A FiRE-BoX OF CoPPER. 



Duunetttr 
of Barrel. 
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2 O 
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. _ _ 





The usual mountings are included in the weight of the fittings in this 
Table, but the weights of the ash-pan, hand-rail fixings, and clothing, are 
not included. 




Fig. 903.— Portable^engine boiler by RustoD, Proctor & Ca Limited, Lincoln. 

FortaUa-XSngiiie Boilers. — The boilers of portable engines are of the 
locomotive type, and when well-proportioned are economical generators of 
steam. A boiler for a portable engine of 8 nominal horse-power is shown 
in Fig. 203. The barrel is 2 feet 6 inches diameter and 6 feet 4 inches 
long, of mild-steel plates yV >^c^ thick. The fire-box shell is 3 feet if 
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inches wide externally. The fire-box is 2 feet \ inch long, 2 feet 7 inches 
wide, and 2 feet loi inches high. The water-space at the sides of the fire- 
box is 2f inches wide. The fire-box plates are | inch thick, and the roof 
is supported by three girder-stays. There are 28 tubes of wrought-iron 6 
feet loj inches long, 2f inches external diameter, and \ inch thick. The 
tube-plates are ^ inch thick. The total heating-surface of the boiler is 167 
square feet. The area of the fire-grate is 5*27 square feet. The chimney is 
10 inches diameter. 

Boilers of portable engines have generally from 17^ to 20 square feet 
of total heating-surface per nominal horse-power, and a ratio of heating- 
surface to fire-grate surface ranging from 23 to 30 in most cases. They are 
covered with felt, or other non-conducting material, and lagged with wood 
cased with sheet-iron. In some cases the non-conducting covering is omitted 
and they are simply lagged with wood cased with sheet-iron. 

The results of a number of evaporative tests of portable-engine-boilers 
are given in Table 83, page 356. 

Heating-Siiz&ce of FortaUe-Sngina Boil«m. — For boilers burning 
good coal, and supplying steam to simple engines having only one 
cylinder, the following are good proportions for the heating-surface and 
fire-grate surface, for effecting economical evaporation : — 

Area of total heating-surface in square feet = 

Area of cylinder in square inches x 3*2. 

Heating-surface of fire-box in square feet = 

Total heating-surface in square feet -f- 6*5 

Area of fire-grate surface in square feet for burning good coal = 
Total heating-surface -7- 50. 

For instance, a portable engine with a cylinder of loj inches diameter, 
or of io"5 X io'5 x 7854 = 86*59 square inches area, requires for econo- 
mical evaporation a boiler, of the type shown in Fig. 203, with 86-59 >^ 3'^ 
=^2TJ square feet of total healing-surface. The fire-box should have 277-5- 
6-5 = 42-6 square feet of heating-surface. And the area of the fire-grate for 
burning good coal should be=2 77 -r- 50 =5-54 square feet. 

W«iglit of Fortablo-Siigino Boilem. — ^The weights of the usual sizes 
of portable boilers, of the locomotive type, as shown in Fig. 203, are given 
in Table 67. 

PortaUo Botum-Tubo Boilor. — A portable return-tube boiler is 
shown in Figs. 204 and 205. The fire-box is arranged for burning refuse- 
fuel, but it can also be used for burning coal. The fire-box communicates 
with a flue-tube with the object of providing a long run of the flame, and 
to complete the combustion of the fuel-gases before they enter the smoke- 
tubes, which extend from the combustion-chamber to the smoke-box at the 
front of the boiler. The fire-box is surrounded by water, and so likewise is 
the combustion-chamber, excepting that portion which projects into the 
steam-space. 
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Table 67. — Weight of Portable Boilers of Locomotive Type, of 
Mild-Steel, for a Working-Pressure of 100 lbs. per Square Inch. 
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Horse- 
Power. 
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Figs. 304 and 305.— Poruble return-tube boiler. 

Marine Betum-Tnbe Boilom. — The marine return-tube boiler shown 
in Fig. 206, is an efficient steam-generator. It .consists of a cylindrical shell 
with one or more furnace-tubes and combustion-chambers communicating^ 
with several rows of small tubes placed above each furnace-tube. The pro- 
ducts of combustion pass from each furnace-tube into a combustion- 
chamber, and thence return through the smoke-tubes to a smoke-box placed 
at the front of the boiler above the furnace-tubes. The combustion- 
chamber is either confined to one furnace-tube, or is common to two, four, 
or six furnace-tubes. 

A combustion-chamber common to two furnace-tubes conduces to 
uniformity of steam-supply, and if the furnaces are fired alternately it favours 
the combustion of the fuel-gases and the prevention of smoke. Separate 
combustion-chambers increase the heating-surface of a boiler, but the space 
available for combustion is frequently so restricted as to impede combus- 
tion of the fuel-gases. A separate combustion-chamber to each furnace- 
tube is, however, the best arrangement for accommodating expansion and 
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obtaining free circulation of water to the tube-plate, and is preferable for 
forced combustion. A single combustion-chamber of large capacity with 
which all the furnace-tubes communicate, is conducive to a higher efficiency 
of combustion than is obtainable with separate combustion-chambers. 

The shell of the boiler should be made with as few joints as possible, 
and the joints should be kept clear of the bottom of the boiler. Each 
belt of plates is preferably formed of one plate, with longitudinal seams 
placed right and left alternately of the top centre-line of the boiler, and at 
a suitable distance from it. For high steam-pressure the circumferential 




Fig. 906.— Marine retorn>tube cylindrical boiler. 



-^ 



seams are lap-jointed and generally double-riveted, and the longitudinal 
seams are butt-jointed and treble-riveted. The end-plates are flanged to join 
the shell ; they are stayed with bolt-stays, having nuts and washers on both 
sides of the plate. 

The top of the combustion-chamber is strengthened by girder-stays and 
the sides of the chamber are stayed with screwed stud-stays. 

The water-spaces of these boilers are frequently so much cramped as to 
impede the flow of the convection currents. To facilitate circulation the 
furnace-tubes should not be placed closer together than 6 inches. The 
space between the top of the furnace-tube and the bottom of the bottom row 
of smoke-tubes should not be less than 12 inches. The space between the 
combustion-chambers should not be less than 8 inches, and that between 
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the combustion-chamber and the shell not less than 6 inches. The water- 
space at the back of the combustion chamber of single-ended boilers should 
not be less than 6 inches at the bottom and 9 inches at the top. To facilitate 
cleaning, the space between the bottom of the furnace-tube and the shell 
should not be less than 8 inches. These are minimum proportions, which 
it is desirable to increase when convenient. 

The results of a number of evaporative tests of marine return-tube 
boilers are given in Table 82, page 355. 

Heating-SurfiMe of lEarine Betnm-Tabe Boilers. — In calculating 
the heating-surface of these boilers, the surface of the front tube-plate is 
omitted because it is not effective heating-surface. The surface above the 
level of the fire-bars in the furnace-tube, the area of the back tube-plate, the 
area of the top and sides of the combustion-chamber, and the surface of 
the smoke-tubes, are reckoned as effective heating-surface, and the sum of 
these surfaces represents the total heating-surface of the boiler. 

When the fire-bars slope considerably, it is more correct to take two-thirds 
the area of the surface of the furnace-tube than one-half of its total surface- 
area as the effective heating-surface. 

The area of the surface of the smoke-tubes is equal to the circumference 
of one tube multiplied by the length between the tube-plates and by the 
number of tubes. The surface of the ends of the tubes covered by the 
tube-plates is approximately equal to the area of surface of the back tube* 
plate, therefore, it is sufficiently accurate for most purposes to omit the area 
of the back tube-plate, and to take the length of the smoke-tubes from 
outside to outside of the tube-plates in calculating the heating-surface. 

Take, for instance, a double-ended marine return-tube boiler of 14 feet 
diameter, with 6 furnace-tubes 3 feet 6 inches external diameter, and 438 
smoke-tubes of 3I inches external diameter and 7 feet long measured outside 
the tube-plates. The heating-surface of this boiler is computed as follows :—> 

Each smoke-tube has an area of heating-surface == 

^i inches diameter x 3' 14 16 x 84 inches length of tube . 

square feet. 

Each furnace-tube of the boiler has an area of heating-surface = 
35 feet diameter x 3*1416 x 7 feet long = 76-969 x f = 51*312 square 
feet. 

Square feet of Heating-Surface. 

The surface of one smoke-tube is = 6*414 x 438, the 

number of tubes = a total tube-surface of . . . = 2809 

The surface of one furnace-tube is = 51-312 x 6, the 

number of furnace-tubes = a total surface of . . = 308 

The heating-surface of the top and sides of the combustion- 
chamber is = 183 

3300 sq. ft. 
the total effective heating-surface of this boiler. 
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▲▼erago Heatiag-Bnzfkoa of Xarine Betum-Tube Boll«ni.— 

The heating-surface of single-ended marine return-tube boilers necessary 
for economical evaporation may be found by this Rule, 

Effective heating-surface in square feet = 
(Diameter of boiler in feet)^ x length of boiler in feet. 

For instance, a return-tube boiler of 12 feet 6 inches diameter, and 10 
feet 6 inches long, should have a total heating-surface of = 12*5 x 12*5 x 
io'5 feet = 1640 square feet. 

Weight of Xarine Botnm-Tnbe Boilom. — ^The weight of a marine 
return-tube boiler of given external dimensions., suitable for a given 
pressure of. steam, varies considerably in practice, according to the form of 
the details of its construction. 

The weight of marine return-tube boilers of mild-steel, without fittings, may 
be calculated approximately by the following Rule^ in which the constants 
represent the average minimum and maximum weights employed in 
practice. 

Let D = the external diameter of the shell of the boiler in feet. 
L s= the external length of the shell of the boiler in feet. 
H = the total heating-surface of the boiler in square feet. 
P = the working-pressure of the steam in lbs. per square inch, or 

the pressure shown by the steam-gauge. 
C = a constant = 19,200 for the minimum weight, and = 14,400 
for the maximum weight, of single-ended boilers of mild-steel usually 
employed in practice. For double-ended marine return-tube boilers of 
mild-steel, for the average weight, C = 17,500. 
Weight of a marine return-tube boiler in tons = 

[(Pg X L) -h H] X P 
C 

Example, Required the average minimum weight of a single-ended marine 
return-tube boiler of mild-steel plates ; external diameter of the shell of the 
boiler 12 feet 6 inches; length of the shell of the boiler 10 feet 6 inches; 
total heating-surface of boiler 1,640 square feet; working-pressure of the 
steam 1 50 lbs. per square inch ? 

Then [("'5 ^ ^^'5 ^ 'Q'5 ^^Q -^ 1640] x 150 _ 492000 _ 

19200 19200 

25*63 tons, the approximate average least weight of this boiler without 
fittings. 

The actual weight of a few general sizes of marine return-tube boilres of 
mild-steel, from practice, are given in Table 68. 

The fittings in this table include the smoke-box and casing, the funnel 
and damper, fire-bars, furnace-fittings, and all cocks, valves, and internal 
pipes. 

S.B.C. T 
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Table 68. — Weight of Marine Return-Tube Boilers of Mild-Steel, 
FOR A Working-Pressure of Steam of 150 lbs. per Square Inch. 











Approxinuite Weight. 


Diameter of 
BoUcr. 


^fijsi"'**" 


Length, Double- 


Thicknettof 
SheU-PUtet. 




Weight of • 


Weight of 










Boiler. 


Fittings. 


Feel. iDchei. 


Feet. Inches. 


Feet. Inches. 


Inch. 


Ton*. 


Tons. 


II 4 


9 3 


— 


il 


21-25 


12 


II 9 


10 




U 


22-50 


13 


12 6 


10 6 




ItV 


25-50 


137 


13 4 


^ i 


— 


lA 


27*30 


14 


13 6 


9 6 





'F 


2980 


14-5 


14 


9 





If 


31-85 


15 


13 9 


9 9 


— 


l| 


31-60 


15 


15 


10 


— 


'A 


37-80 


16 


12 2 


— 


14 


lA 


3470 





II 9 


— 


IS 


H 


33-50 


— 


12 II 


— 


14 6 


\t 


37-00 





13 3 


— 


15 9 


4320 





13 4 


— 


17 


Ij 


50-00 





15 


— 


17 


li 


59-50 


32 


15 


^"^ 


17 3 


i| 


61-90 


29 



Single-Ended Xarine Betom-Tabe Boiler. — ^A single-ended marine 
return-tube boiler is shown in longitudinal section in Fig. 207. Two of 
these boilers supply steam for a set of quadruple expansion engines of 1,100 
indicated horse-power. The working-pressure of the steam is 183 lbs. per 
square inch. The boiler is 1 3 feet 6 inches mean diameter, and 1 1 feet J 
inch mean length. It has three ribbed furnace-tubes 3 feet 2 inches internal 
diameter. There are 228 wrought-iron tubes 7 feet 4 inches long inside 
the tube-plates, and 3J inches external diameter, 99 of these tubes are stay- 
tubes. The smoke-tubes are 8 B W G, or -165 inch in thickness, and swelled 
^ inch at one end, as shown in Fig. 208. The stay-tubes are I inch thick 
at the bottom of the thread ; they are 3f inches diameter at the front tube- 
plate, and 3I inches diameter at the back tube-plate, and they are screwed 
Into both tube-plates with a fine thread. All the tubes are expanded into 
the tube-plates. 

The boiler-shell is of steel-plates i^ inches thick. It is formed of two 
rings with two plates in each ring, each plate weighing about 2-8 tons. 
The shell-plates are bent cold, and the rivet-holes are drilled in place. The 
arrangement of the riveted seams of the shell is shown in Figs. 209 and 210. 
The plates are joined by double butt-straps i^ inch thick. The outside 
row of rivets in the butt-straps are 8| inches pitch, and the rivets pass 
through the shell and one butt-strap ; the two inside rows are 4} inches 
pitch, and the rivets pass through the shell and both butt-straps. All the 
rivets where practicable are riveted by hydraulic pressure, the pressure 
varying with the size of the rivet from 100 to 120 tons on each rivet The 
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Fig. 307.— Ixmgitadizud Mction of marine return-tube bcnier by Rankin t, Blackmore, Greenock. 
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Fig. 908.— Smoke>tabes of return-tube boiler. 
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Figs, ao9 and »xo.— Riveted Mams 
of the shell of return-tube boiler. 
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longitudinal stays in the steam-space are of steel 2| inches diameter, 
screwed at both ends 8 threads per inch, and have double nuts and riveted 
washers at each end. 

The combustion-chamber is slung from the shell of the boiler by 
wrought-iron stays 2 J inches diameter secured by angle-iron 4 x 4 x f 
inch to the shell, and to girder-stays 10 x 6 x -5^ inch which are riveted 
to the top of the combustion-chamber. The stays of the combustion- 
chamber are of steel if inches diameter, pitched at the sides 7| X 7I 
inches, and at the back 7J x 7I inches. They are screwed into both 
plates with a fine thread and have nuts in the combustion-chamber and at 
the back of the plates. 

The seams of the combustion-chamber are single-riveted, except those of 
the bottom-plate which are double-riveted. The seams of the back and 
front of the boiler are double-riveted. The edges of all the plates are 
planed. This boiler is shown in end view in Fig. 211, and in cross-section 
in Fig. 212. 

This boiler was proportioned by Lloyd's rules, and the leading dimensions 
and particulars are as follows : — 

Diameter of rivets = i^ inches, or i'3438 inches. 

Area of one rivet = i'4i8i square inches. 

Mean diameter of boiler-shell 162 inches. 

The upper end-plates are fitted with double-nuts and riveted washers, 
therefore the constant for their Rule is 160. 

Pitch of stays for upper end-plates = 15*5 inches, and i5'5 x 15*5 = 
240*25 square inches of supported surface. 

Area of stays in steam-space =48 square inches. 

Pitch of stays in combustion-chamber sides = 7*375 inches, and 7"375 x 
7*375 = 54*39 square inches of supported surface. 

Pitch of stays in combustion-chamber back = 7*375 X 7*25 inches = 
53*46 square inches of supported surface. 

Outside diameter of furnace-tubes 39*125 inches. 

Thickness of the Plates or the Boiler. 



Thickness in inches. 

Circumferential shell of steel . ly^ 

Front and back upper plates . 1 3V 

Back, mid j-J 

Back, lower . . . . yf 

Front tube-plate . . . . f 

Front lower plate . . . f 



Thickness i 

Back tube-plate of steel 
Combustion-chamber top . 
Combustion-chamber sides . 
Combustion-chamber back 
Combustion-chamber bottom 
Furnaces .... 



i 

JL 

8 



The working-pressure for each part of the boiler was calculated by 
Lloyd's rules in the following manner : — 

S'K — 1*^4^8 

Plate-section = — ^ — q /^^ x icx> = 84*2 %. 
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r». . . (4 X 1-4181 X 175) + I'4l8l o 000/ 

Rivet-secuon =^^^ 8-5 x r3i25 ^ ^5 = 85-85 7^. 

^. ^ . 1 , „ 260 X 1*3125 X 84'2 

Circumferential shell = "^-t-^ = I77*4 lbs. 

102 ' ' 

T^ J 1 . 160 X (16-5)3 

End-plates m steam-space = — = 181-3 lbs. 

r> . 4-8 X OOCO 

Stays m steam-space = ~n^c~ ~ ^79*° "^^' 

1000 X 7 
Furaace-tubes = - \,.,«^ = 178-7 lbs. 
39125 ' 

^ , . , , . , 120 X 81 o ,^ 

Combustion-chamber sides = cA-tQ =1707 lbs. 

Combustion-chamber back = — ^ — = 18 1-8 lbs. 

1-227 X 8000 
Combustion-chamber side-stays = = 180 lbs. 

^ , . 1 1^ L , 1-227x8000 « ^,^ 
Combustion-chamber back-stays = ^ = 183-6 lbs. 

It will be seen that the scantlings of this boiler will pass " Lloyds " for 
178 lbs. per square inch the calculated working-pressure, but they allow 
5 lbs. extra pressure for pressures above 60 lbs. per square inch. 

The working-pressure of the steam is therefore = 178 -h 5 = 183 lbs. 
per square inch. 

The heating-surface of this boiler is as follows : — 

Heating-surface of the tubes 1 531 square feet. 

„ furnace-tubes 11 1 „ 

„ centre combustion-chamber . . 85 „ 

„ side combustion-chamber . . 154 „ 

Total heating-surface = 1881 square feet. 

The fire-grate of each furnace-tube is 5 feet 9 inches long and 3 feet 
2 inches wide, and the area of the fire-grate-surface is 5-75 feet x 3-166 feet 
X 3 = 54-61 square feet. 

DoaUe-Ended Xarin« Betum-Tube Boiler. — A double-ended 
marine return-tube boiler is shown in Fig. 213. It is 13 feet mean 
diameter, and 16 feet 6 inches long, and has six furnace-tubes of 3 feet 4 
inches external diameter. There are 740 tubes 3^ inches external diameter 
and 6 feet 7 inches long. The total heating-surface is 2735 square feet. 
The area of the fire-grate surface is 84 square feet. The ratio of the 
total heating-surface to the fire-grate surface is 32*5. 

Straiglit-Flued Marine Boiler. — ^A marine multitubular, or straight- 
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through, boiler is shown in Figs. 214 and 215. It is 9 feet 2 inches dia- 
meter, and 18 feet 3 inches long. The tubes are in line with the furnace- 
tubes. The total heating-surface is 1542 square feet, and the area of the 
fire-grate is 50 square feet. 




Fig. 213.— Double<ended marine retQrn>tube boiler. 




Fig. 914.— Stnight-flued marine boiler by Palmer^s Shipboildbg Ca, Jarrow. 

Marina Boilers of lEodified LooomotiTe Type* — A marine boiler 
of modified locomotive type is shown in Figs. 216 and 217. The barrel is 
4 feet 9 inches internal diameter, and 9 feet 3 inches long outside the tube- 
plates. It contains 195 solid drawn brass tubes of 2 inches external 
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diameter, number 12 B W G thick at the fire-box end, and number 14 
B W G thick at the smoke-box end, and 9 feet 3J inches long. The 
heating-surface of the tubes is 9333 square feet, and of the fire-box 82-7 




Fig. 316.— Boiler of torpedo-boat by Yarrow & Co., London. 




f -o" d 



Fig. 917.— End-view of the boUer shown 
in Fig. ai6. 



square feet, the total heating-surface being 
1 01 6 square feet. The fire-box is of copper. 
The area of the fire-grate is 25 square feet. 
The area through the tubes is 487 square 
inches, and through the ferules 360 square 
inches. The funnel-area is 509 square 
inches. 

Another marine boiler of modified loco- 
motive type, with a long fire-box and short 
barrel, for a working-pressure of 155 lbs. per 
square inch, is shown in Figs. 218 and 219. 
The barrel is 6 feet 4J inches external 
diameter, and 6 feet 5J inches long inside 
the tube-plates. The shell -plates are 
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H inch thick, and the tube-plates +^ inch thick. The fire-box is 8 feet 
7 inches long, 6 feet 5 J inches wide at the bottom above the comer-curve, 
and 3 feet 2 inches deep ; the thickness is finch at the crown, and -Jf at the 
bottom. The external width of the fire-box shell is 6 feet sJ inches at the 
top, and 7 feet 3 inches at the bottom. The roof of the fire-box is supported 
by direct stays to the shell, i J inches diameter, pitched 5 ^ inches length- 
ways, and 6 inches endways, the ends of the stays being jointed. There 
are 372 lap-welded steel smoke-tubes, ij inches external diameter, 6 feet 
7I inches long, and 12 S. W. G. thick, pitched 4^^ inches horizontally and 
2 J inches diagonally; and 20 stay-tubes, if inches external diameter and 
-^ inch thick, screwed 12 threads per inch. The heating-surface of the 
tubes is 1,242 square feet, and the total heating-surface is 1,365 square feet 
The area of the fire-grate surface is 45 J square feet, or ^of the heating- 







Figs. ax8 and 219. — Marine boiler of modified locomotive type, by Hawthorn, Leslie & Co. Ld., 
Newcastle-on-Tyne. 

surface. The area through the tubes is 4 square feet. The area of the 
water-surface is 96 square feet. The capacity of the steam-space is 183 
cubic feet. The boiler Is of mild-steel throughout. 

Yertioal Steam-Boilom. — Internally fired vertical boilers are largely 
used for generating steam for small engines and steam-cranes. They are 
handy, and suitable for this purpose, but they are not economical boilers. 
The simplest form of vertical boiler is the cross-tube boiler, having a 
conical fire-box and a single fiue-tube, or uptake between the crown of the 
fire-box and that of the boiler-shell, and fitted with cross-tubes in the fire- 
box, as shown in longitudinal section in Fig. 220, and in cross-section in 
Fig. 221. The crown of the fire-box is dished, or formed convex, to 
increase its strength to resist collapse. The cross-tubes improve the circu- 
lation of the water and increase the heating-surface. They should always 
be inclined, instead of placed horizontally, in order to facilitate the escape 
of steam-bubbles from their surfaces. 

The top of the shell of the boiler is frequently dished, to gain strength, 
but it is liable to be thereby rendered so rigid as to restrict the expansion 
of the fire-box and uptake, causing grooving either at the root of the uptake, 
or outside its flange at the crown of the fire-box. The top of the shell is 
best made flat, so that it may spring to accommodate the upward 
movement of the fire-box due to expansion, and it may be strengthened 
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by stays so placed as not to interfere with the breathing-space necessary for 

the end-plate. The breathing-space may be lo inches. 

The water-space around the fire-box of this boiler is frequently so much 

cramped as to interfere with the flow of the convection-currents, resulting 

in the water being occasionally ejected from the heating-surfaces and the 

plates becoming burnt. It should in no 
case be less than 3 inches at the bottom^ 
and 6 inches at the top, of the fire-box, in 
order to facilitate the flow of the ascending 
and descending currents of water from and 
to the heating-surfaces. As mud and sedi- 
ment are liable to accumulate at the bottom 
of the water-space, the fire-bars should be 
placed suflficiently high above the bottom of 
the water-space to prevent danger from over- 
heating. And it may be further protected 
by placing a narrow lining of fire-brick, or 
fire-clay, round the inside of the fire-box on 
the lop of the fire-bars. 

The shell of the boiler should extend 
suflficiently below the fire-box lo elevate ihe 
bottom ring-seam of the fire-box above the 
influence of damp in the seating, and place 
it clear of wet ashes. 

Proportions of Vertical Steam- 
Boilers. — The area of the fire-grate should 
be proportioned to the average rate of 
combustion and coal consumption. Small 
engines driven by these boilers are very 
extravagant, and seldom require less than 
4 lbs. of coal per indicated horse-power 
developed. Taking the nominal horse-power 
at one-third the indicated horse-power, they 
require 4 x 3 = 1 2 lbs. of coal per nominal 
horse-power. 
The rate of combustion of coal in these boilers is from 8 to 1 5 lbs. per 

square foot of fire-grate surface per hour. It is frequently 13 lbs. when 

there is a good draught, and on this basis the area of fire-grate required for 

this type of boiler may be found by this Rule : — 

Area of fire-grate in square feet for a vertical cross-tube boiler = 

nominal horse-power of boiler x 1 2 lbs. 
13 lbs. rate of combustion * 

Fo. • instance, the area of fire-grate surface required for a vertical cross- 
tube bt 'ler of 10 nominal horse-power is = 




Figs. 290 and 221. 
Vertical cros5«tobe boiler. 
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IP horse-power x 12 lbs, 
13 lbs. 
= 9*23 square feet. 

The area of the fire-grate determines the internal diameter of the 
fire-box at a level with the fire-grate, and the diameter of this fire-box at 

that part is = // 2^=, say, 3 feet 6 inches. 
V .7854 -^'^ 

The height of the fire-box may be = the internal diameter of the 
fire-box measured on the top of the fire-grate, multiplied by 1*6 ; and the 
height of this fire-box is = 3-6 x i*6 = 576 feet. 

The water-space round the fire-box should not be less than 3 inches at 
the bottom, therefore the internal diameter of the boiler-shell should not be 
less than the external diameter of the fire-box, measured at the top of the 
fire-grate, plus 6 inches. 

The height from the bottom of the boiler-shell to the top of its crown, is 
generally equal to from two to two and one-half times the internal diameter 
of the shell. 

The area of the cross-section of the fiue or uptake at the smallest part, should 
not be less than one-sixteenth the area of the fire-grate, but rather one-twelfth. 

The diameter of the cross-tubes is generally equal to about one-fourth 
the diameter of the fire-box of small boilers, and one-sixth that of large 
boilers. The number of cross-tubes is from two to five, according to the 
size of boiler, but is most frequently three. 

The fire-boxes of small vertical boilers are seldom supported by stays. 
But the fire-box of a donkey-boiler is so large in diameter as to form a 
weak structure, and it requires to be strengthened by staying the sides to 
the shell by screwed stud-stays, and the crown to the crown of the shell 
by vertical stay-bolts. 

The results of a number of evaporative tests of vertical boilers are given 
in Table 82, page 355. 

Keating-Siufiftee of Yertioal CroM-Tube Boil«ni. — ^The heating- 
surface suitable for vertical cross-tube boilers may be found by the 
following 7?«//.- — 

Effective heating-surface in square feet = 
(diameter of boiler in feet) ^ x height of boiler in feet x '8. 

For instance, the heating-surface suitable for a vertical cross-tube boiler 
3 feet 3 inches diameter, and 8 feet in height is = 3*25 x 3*25 x 8 feet 
X '8 = 68 square feet. 

Weight of Yertioal CroM-Tube Boilers. — ^The weights of a few 
general sizes of vertical cross-tube boilers are given in Table 69. 

Vptake-Frotector for Vertical Boilers.— The uptake of a vertical 
cross-tube boiler is liable to become overheated and burnt above the water- 
level, unless shielded by a lining from the impact of flame. An uptake 
protected by a fire-clay lining is shown in Fig. 222. 
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Tablx 69. — ^Wdgbt of Vextical Cxoss-Tubx Bon-nts or Mild-Stekl, 

WITH ThKXS CXOSS-TUBIS IM THX FotX-BoX, AS SHOWK IM FiG. 220, 

roK A WoKKmG Pressuex or 100 lbs. nx Squakk Ivch. 
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When a boiler is not arranged for a lining of this kind, a wrought-iron 
tube may be fitted in the uptake, as shown in Fig. 223, to form an annnlar 
space, which shoold be filled with fire-clay. 

V«rtinl OvoM-Tmbe Boil«r ^ 

nith SpMlal Fim-boz. — A M' 7 

vertical cross-tube boiler with a 
conical fire-box having an en- 
larged top is shown in Fig. 224. 
The products of combustion pass 
from the fire-box through a flue- 






Fig, na. 

Upukc'protactor 



Fig. •23. 
Uptake-protector. 



Fig. S24.— Vertical cro«s-tube boiler with 
special fire-box. 
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tube at the side of the shell. The crown of the fire-box is stayed to the 
top of the shell by stay-bolts. 

Yertioal Tubular Boil«m. — ^Vertical tubular boilers, shown in Fig. 
225, have a number of small tubes between the crown of the fire-box and 
that of the shell of the boiler. They are generally 
more economical and better steam producers than 
cross-tube boilers. 

The area of the fire-grate may be proportioned 
in the same manner as that of cross-tube boilers 
on page 282, and the height and diameter of the 
shell of the boiler, and the diameter of the fire-box, 
may also be of the same proportions as those of 
cross-tube boilers, but the height of the fire-box 
does not require to be so great. The height of 
the fire-box of these boilers may be = the internal 
diameter of the fire-box multiplied by i to 1*3. 

These boilers require a larger heating-surface 
than cross-tube boilers, to compensate for the loss 
of effective heating-surface of that portion of the 
tubes above the water-level. 

The results of a number of evaporative tests of 
vertical tubular boilers are given in Table 82, 
page 355. 

Keating - Snr&oe of Vertical Tubular 
Boilers. — The heating-surface required for ver- 
tical tubular boilers may be found by this Rule: — 

Effective heating-surface in square feet = 
(diameter of boiler in feet)^ x height of boiler in feet x i'2. 

For instance, the heating-surface required for a vertical tubular boiler 
of 3 feet 6 inches diameter and 9 feet in height, is = 3*5 x 3*5 feet 
diameter x 9 feet high x 1*2 = 133 square feet. 

Weight of Vertical Tubular Boilers. — ^The weights of several sizes 
of vertical tubular boilers are given in the following Table : — 

Table 70. — ^Weight of Vertical Tubular Boilers of Mild-Steel, 
FOR A Working-Pressure of 100 lbs. per Square Inch. 




Fig. 935.— Vertical tubular 
boiler. 



Nominal 


Diameter of 
Shell. 


Height of 
ShelU 

Feet. Inch. 

6 6 

7 6 

8 6 

9 6 
II 


Thickness of 
SheU-Plates. 


Heating. 
Surface. 


Approximate Weight 


Horse- 
power. 

4 
6 

8 

10 
12 


Weight of 
Boiler. 


Weight of 
Fittings. 


Feet. Inch. 
2 9 

M 

4 
4 


Inch. 


Square Feet. 
60 

122 

185 


Tons. Cwts. 

18 

1 6 

1 12 

2 a 

2 7 


Tons. Cwts. 

13 

1 I 

I 6 
I II 
I 17 
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Staam-DoMes. — The object of a steam-dome is to assist the boiler to 
furnish dry steam, but it may have a contrary effect, by causing additional 
moisture, due to condensation of steam, from the large cooling-surface it 
presents to the atmosphere. The steam should be retained In the boiler- 
shell until required to be used, because it begins to lose heat the instant it 
passes out of the boiler, away from the influence of the furnace-heat. A 
dome adds very little to the steam-space, and should be dispensed with, as 
it cannot improve the quality of the steam, and it generally weakens the 
shell of the boiler. 

When it is desirable to obtain a larger storage capacity for the steam 
than can be conveniently provided within the shell, a cylindrical steam- 
receiver placed horizontally, and supported on three stand-pipes connected 
to the shell, as shown in Fig. 226, is preferable to a dome. 







Fig. 236.— Cylindricftl steam-receiver. 






Fig. 237.— Raised manhole-moathpiece. 



Maiilioles.^Raised mouthpieces of manholes, shown in Fig. 227, 
should be of wrought-iron or mild-steel ; cast-iron should not be used for 
this purpose. The mouthpiece should be 16 inches internal diameter, and 
not less than f inch thick in the body and J inch thick on the flange. It 
should be attached to the boiler with a double row of rivets, passing through 
a strengthening hoop on the inside of the shell-plate. 
The cover is generally dished and secured by not 
less than 16 bolts of i inch diameter, the number 
and diameter of the bolts varying with the working- 
pressure of the steam. The bolts may be propor- 
tioned by the Rules on page 310. 

Oval-shaped manholes are generally either 17 
inches long and 13 inches wide, or 16 inches long 
and 12 inches wide, but in confined spaces they 
are sometimes 15 inches long and 11 inches wide. 
The larger axis should be placed in a circumferen- 
tial direction of the shell. A strengthening ring, 
shown in Figs. 228 and 229, should be riveted round the hole in the plate 
to compensate for the metal cut away. To make this part of the shell as 
strong as the longitudinal seam of the shell, the area of the compensating 
ring should be equal to 70 per cent, of the metal cut away by the manhole. 
For instance, in cutting an oval manhole 12 inches wide in a plate \ inch 
thick, 12 X '5 inch = 6 square inches have been removed from the shell 
in a longitudinal direction, and the cross-section of the ring at each end 




Figs. 328 and 229.— Manhole 
strengthening ring. 
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of the hole should be = (6 square inches x 7) -4- 2 = 2*1 square inches. If 
the ring be | inch thick and riveted with two rows of rivets of \i inch 
diameter; then '8125 inch x '8125 x 7854 = •5184 square inch area of 
the rivet, and '5184 x 2 = 1-0368 square inches area of two rivets, and 2*1 
square inches -h 1-0368 = 3*1368 -7- -75 inch thickness = 4*18 inch the 
width of the compensating ring. 

Xudhde. — The mudhole at the 
bottom of the front end-plate of a cylin- 
drical boiler should be strengthened 
by a raised mouth-piece of steel, placed 
inside the boiler, and riveted to the 

end-plate as shown in Fig. 230. The ^.^ ^^o-Mudhoie mouthpiece. 

opening is oval-shaped 15 inches by 
1 1 inches. The cover is secured by two cross-bars with bolts, which are 
enclosed by an outside cover secured by a bolt. 

Wat«r-Tiibe Boilers. — ^Water-tube boilers are those in which steam is 
generated from water contained in thin tubes of small or moderately small 
diameter, by heat applied to the outside of the tubes from a fire generally placed 
underneath them. They are sometimes called safety-boilers, because they 
are supposed to render the destructive effects of an explosion as harmless as 
possible to the surrounding property. The violence of an explosion depends 
principally upon the weight of water and steam thereby set at liberty. The 
quantity of wuter contained in a water-tube boiler is very small compared with 
the contents of an ordinary cylindrical boiler, or fire-tube boiler, of the same 
power. The water is contained in a number of small spaces, and in case 
of an explosion the amount of destructive force is presumed to be reduced 
to a minimum, and the range of its action confined within narrow limits. 

It is claimed for these boilers that, instead of the wide-spread destructive 
effects arising from the sudden liberation of the large amount of explosive 
force contained in the large body of water existing in a fire-tube boiler, the 
destructive effects are limited to the force due to the liberation of the small 
body of water which would escape through the orifices of the fractures of a 
single water-tube. The. amount of force so liberated might not be sufficient 
to cause displacement of other portions of the boiler, or to seriously damage 
buildings. 

The principle of all water-tube boilers is with few exceptions practically 
the same. They differ only in their arrangements, and in details of con- 
struction. They generally consist of a number of rows of water-tubes con- 
nected by connecting-boxes, placed either horizontally, in an inclined position, 
or vertically, above a fire-grate, and enclosed in a chamber formed by brick 
walls lined with fire-brick. The tubes are generally either 3^ or 4 inches 
external diameter, of wrought-iron or mild-steel lap-welded. The tubes are 
most frequently inclined from the back to the front of the fire, a steam- 
chamber is placed above the boiler into which water ascends from the in- 
clined tubes above the fire, through tubes at the front of the boiler, and 
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returns to the inclined tubes through others placed at the back of the 
boiler, when it is again heated and again ascends to the steam-chamber. 
A mud-drum for collecting the impurities deposited from the water is 
placed beyond the action of the fire. 

In this type of boiler a small quantity of water covers a large area of heatingr 
surface, and a rapid circulation is necessary to carry off the heat absorbed 
by the tubes. It is essential that the tubes are regularly supplied with water, 
as any irregularity in the supply of feed-water is liable to cause a sudden 
and rapid generation of steam, which may accumulate in the tubes and 
cause priming. 

A large capacity of both steam and water space is necessary for 
steady steaming. Ample passages should be provided for circulation, with 
free ascent and descent of the convection-currents, and a large area of 
surface at the water-line to secure steadiness of water-level. The feed- 
water should be pure and the heating-surface maintained clean and free 
from incrustation, to prevent over-heating. The firing should be regular 
and the boiler lightly worked, to avoid violent ebullition. 

The tubes should be arranged to facilitate free escape of the steam. 
When the tubes are placed horizontally, they offer great resistance to the 
escape of steam-bubbles, which are compelled to travel along the tubes to 
the nearest vertical outlet before they can escape, and the tubes are con- 
sequently liable to be burnt. They frequently burn at the top, owing to 
the formation of a film of steam between the water and the heated metal. 
By inclining the tubes the escape of the steam-bubbles is facilitated, and 
circulation promoted. The tubes should be free to expand and contract. 

It is difficult to obtain feed-water sufficiently pure for the satisfactory 
working of these boilers, and it is frequently necessary to employ feed-water 
purifiers in which the water is raised to a sufficiently high temperature, or to 
about 3CX5° Fahr. to effect the deposit of its impurities before entering the 
boiler. 

The principle of applying heat to a large body of water by subdividing it 
into small streams, or into a number of small columns contained in thin 
tubes around which the products of combustion freely circulate, is con- 
ducive to evaporative economy. It permits the heating-surfaces to be 
arranged in the best manner for absorbing the heat, by causing the tubes to 
intercept and break up the current of heated gases, and when the circulation 
of the water in the tubes is efficient, and they are placed so that the draught 
is not impeded, sufficient space being provided for the development of flame 
and combustion of the gases, then, the necessary arrangements for 
economical evaporation are theoretically complete. 

But it is difficult in practice to develop this principle satisfactorily^ 
because the products of combustion are not equably diffused among the 
tubes, and the tubes are not uniformly heated. Hence, water-tube boilers 
on an average are less economical, under ordinaiy working conditions, 
than fire-tube boilers. 
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Dttfaots of Water-Tube Boilers. — Many water-tube boilers work 
satisfactorily, others are troublesome, and it may be useful to state some of 
the defects which several forms of these boilers have, or develop in practice. 
They are briefly as follows : — Complication of parts, and deficient accessi- 
bility. Inefficiency of heating-surface, resulting in extravagant consump- 
tion of fueL Excessive wear and tear. Frequent repairs are necessary, 
especially to the brickwork of the furnace. A large quantity of heat is lost 
by passing through the brickwork-casing and dissipating in the air. 

The tubes require frequent renewal. The tubes are frequently placed in 
such close proximity 10 the fire as to hinder the development of flame, and 
present so large a cooling-surface to the products of combustion as to lower 
their temperature excessively, resulting in very incomplete combustion of 
the gases, waste of fuel, and the production of a large quantity of dense 
black smoke. The tube-ends are frequently not readily accessible. 

The boilers are troublesome to clean, a large number of joints having 
to be broken and re-made each time they are cleaned. 

The tubes are liable to leak at the joints, and also to burst. They are 
liable to become encrusted with scale and mud, causing them to overheat 
and bum. The tubes frequently burn and burst from defective cir- 
culation. The expansion of the tubes is frequently restricted. 

Mud and sediment which may be prevented by rapidity of circulation 
from settling on the heating-surfaces while the boiler is working, are liable 
to settle in the tubes and boxes when the fire is very low, or extinguished, 
and become baked on their surfaces when the fire is bright, or relighted. 

Ebullition is frequently very violent, causing more or less ejection of the 
water, and such great fluctuations of the water-level as to render it 
scarcely discernible. 

The boilers sometimes work very capriciously, the pressure of the steam 
appearing to rise and fall continually, producing sudden and frequently 
wide variations in the indications of the steam-gauge. The supply of steam 
is generally less regular than in other types of boilers, and the steam 
frequently contains & large amount of moisture. They frequently occupy 
an excessively large space. 

Many of these defects are capable of being remedied, and do not exist in 
some forms of water-tube boilers. 

The Advaateges olaimed for Water-Tmbe Boilers are that, when 
the circulation is efficient, a rapid current flows through the tubes, producing 
a tolerably uniform temperature in all parts of the boiler, and there are no 
serious strains from unequal expansion. The small diameter of the tubes 
permits the attainment of excessive strength over any desired ordinary 
steam-pressure even with thin heating-surfaces. As the boilers are made in 
sections of moderate size they are easily transported and can be conveyed 
through narrow openings of buildings, which would not admit a fire-tube 
boiler, and they may be fixed in confined spaces. 

yaxioufl Kinds of Water-Tube Boilers.^ — There are numerous forms 
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of water-tube boilers, a few of which are given in the following pages as 
representative examples of distinct systems of construction. 
Thon«7crofb*s Water-Tube Boilere.— The Thomeycroft water-tube 
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Fig, 931.— LoDgitudinal section of Thorneycioft's water-tube boiler. 




Fig. 933.— End view of the boiler shown in Fig. 231. 



boiler is shown in longitudinal 
section in Fig. 231 and in cross 
section in Fig. 232. It consists 
of one top and two bottom 
cylindrical vessels connected 
by two pipes at the front, and 
stayed at the back-end by a 
triangular frame. These vessels 
are also connected by a num- 
ber of small steam-generating 
tubes, placed so closely toge- 
ther that the products of com- 
bustion cannot pass between 
them. The fire-bars are placed 
between the bottom vessels. 
A curved baffle-plate with 
serrated edges is fixed in the 
top vessel, to protect the steam- 
pipe and effect the separation 
of the water and the steam. 
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The products of combustion pass through the spaces between the lower 
ends of the generating tubes, into the spaces between the tubes, and along 
ihem to the upper half of the top vessel, whence they pass to the funnel. 




Fig. 933.— The Belleville water-tube boiler. 

Bell«vill6's Water-Tube Boiler.— In the Belleville water-tube boiler, 
shown in Fig. 233, a number of water-tubes are arranged horizontally over 
a furnace, the tubes are connected to a cylindrical steam-receiver at the top 
of the boiler. The feed-water is pumped into a purifying cylinder at the 
top of the boiler, where it is healed sufficiently to effect the precipitation cf 
calcareous matter which passes to a vertical sediment collector. 

u 2 
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• The purified water passes through a feed-pipe, placed above the furnace- 
door, up into the water-tubes, where it is generated to steam wiiich collects 
in the steam-receiver. 

Baboook and Wilooz*s Water-Tube Boiler. — In this boiler a series of 
inclined tubes are placed over the furnace, in which the water is raised to a 
high temperature and rises through vertical connecting-boxes at the front- 
end into a horizontal steam and water drum, where the steam separates from 
the water. The remaining body of water returns through vertical tubes 
at the back-end of the boiler into the inclined water-tubes, -where it is 
again iieated and again passes into the steam and water drum. A 
continuous and rapid circulation is thus kept up, and a nearly 
uniform temperature maintained throughout the boiler. A mud-collector 
is fixed at the lowest point of the inclined tubes to receive the impurities 
from the water. 




Fig. 934.— Baboock & Wilcox's water-tabe boiler. 



The boiler shown in Fig. 234, consists of nine sections of tubes, connected 
to a steam-drum of 48 inches diameter. The tubes are of wrought-iron 
lap-welded, 4 inches diameter and 18 feet long. They are connected to 
the drum by nipples and tubes expanded into the connecting-boxes of 
the drum, and to the top ends of the headers or collectors at the ends of 
the sections. 

The nominal horse-power of the boiler is 159. The heating-surface is 
1827 square feet, and the area of the fire-grate is 33 j^ square feet. The 
water-contents at mean water-level are 1792 gallons. The steam-space at 
the normal working water-level is 150 cubic feet. 

Boot's Water-Tube Boiler. — ^This boiler consists of a number of tubes 
arranged in parallel layers in an inclined position over the furnace. The 
tubes are connected at both ends by caps which couple each tube to the 
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F»£« "as.— Root\ water-tube boiler 




Fig. 236k— HarrL<K>n's water>tube boikr. 
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one below and the one above, so as to form a continuous communication 
between all the tubes in each successive row. 

The boiler shown in transverse section in Fig. 335, is of 150 nominal 
horse-power. The area of the heating-surface is 1440 square feet, and the 
area of the fire-grate is 50 square feet. The steam-space at the normal 
water-level is 764 cubic feet. 




Fig. 237.— De Naeyers' water>tube boiler. 

Karrimm's Wat«r-Tabe Boiler. — This boiler consists of a number of 
small hollow balls, arranged in parallel inclined lines communicating with 
each other. The boiler sho^-n in Fig. 236 is of 100 nominal horse-power. 
The heating surface is 949 square feet, and the area of the fire-grate is 35 
square feet. The water-contents at mean water level are 488 gallons. The 
steam-space at the normal water-level is 30 cubic feet. 

Be VaeTers' Water-Tube Boiler.'-This boiler consists of a number 
of tubes arranged in an inclined position over the furnace. The front-ends 
of the tubes communicate with a steam-drum at the top of the boiler. The 
back-end of the drum is connected by a pipe to the bottom row of the tube 
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boxes. The feed is introduced at the front-end of the drum above the 
water-line. The water passes down from the steam-drum to the back set of 
tube-boxes, and the mixed steam and water discharged from the front end 
of the tubes ascends to the steam-drum. 

The boiler shown in Fig. 237 is of aoo nominal horse-power. The 
heating surface is 1700 square feet and the area of the fire-grate is 40 square 
feet. The water-contents of 
the boiler at mean water-level 
are 1768 gallons. The steam- 
space at the normal working 
water-level is 90 cubic feet. 

Heine's Water - Tube 
Boiler. — In this boiler the 
tubes are connected at each 
end to a flat hollow bracket 
attached to the steam-drum. 
The tubes are slightly inclined pig. a38.-Heuic's water-tube boiler. 

over a furnace, as in other 

water-tube boilers. The boiler shown in Fig. 238 has a total heating-surface 
of 900 square feet, and the area of the fire-grate surface is 20 square feet. 





Figs. 939 and 240.— Shepherd's water-tube boiler. 

Shepherd's Water-Tube Boiler. — This boiler consists of three bottom 
cylindrical horizontal vessels each 2 feet diameter. On suitable blocks 
riveted to the top of these vessels, cone-tubes are placed. They are 6 feet 6 
inches high and 2 feet diameter at the parallel belt, and they taper to 6 inches 
at the bottom. The fire-grate is placed in the flues formed by the line of cone- 
tubes. The boiler shown in Figs. 239 and 240, has a total heating-surface 
of 529 square feet, and the area of the fire-grate is 26*18 square feet. The 
water-contents of the boiler are 1830 gallons. The steam-space at working 
water-level is 87 cubic feet. 
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Perkins' Water-Tube Boiler. — ^This boiler is formed of successive 
horizontal rows of wrought-iron tubes, of 3 inches external diameter and § 
inch thick, connected by vertical nipples. The tubes are contained in a 
wrought-iron double casing, having the space filled with vegetable black. 




Fig. 941. — Perkins' wrater-tube boiler. 

The boiler shown in sectional elevation in Fig. 241, has a total heating- 
surface of 301 square feet, and the area of the fire-grate is 15*3 square 
feet. The water-contents are 55 gallons. The steam-space is 10*2 cubic 
feet. 

Kerreelioirs Coil Water-Tube Boiler. — This boiler consists of a 
continuous coil of water-tube, of increasing diameter towards the lower end 
and arranged in the form of a hive. The feed-water is forced through the 
coil by a circulating-pump. This coil is placed above the fire-grate and 
it is surrounded by a second coil of water-tube. The feed-water is pumped 
into the bottom of the external coil and ascends to the top and returns 
down through the internal coil, from the bottom of which the mixture of 
steam and water is delivered into a separator at the side of the boiler, whence 
the steam is supplied to the engine, the water being pumped back again 
to the boiler. 

The boiler sho\^Ti in Fig. 242 has a total heating-surface of 485 square feet 
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and the area of the fire-grate is 26 square feet. The bottom inside Coil is 5 
feet 9 inches diameter, the bottom tubes of which are 2\ inches external 
diameter, and -^ inches thick ; all the tubes are of wrought-iron,. lap- 
welded. The total contents of the boiler is 32 cubic feet, of which one-third 
is steam-space and the remainder water-space. 

The heating-surface of this boiler is very efficient in the generation 
of steam. In one experiment, steam was raised from cold feed-water to 60 




Fir. 343.— The HerreshoffcoiUboiler. 

lbs. per square inch pressure in about 6 minutes. But as very little water is 
contained in the boiler, very skilful firing is necessary to maintain a reason- 
ably steady pressure. The water-level in the separator is subject to great 
and rapid variations. 

It is difficult to maintain a uniform circulation, because the circulating- 
pump is liable to work capriciously owing to the stream of water not being 
solid. The boiler is of complex construction, and very difficult to repair. 
For these and other reasons, boilers of this kind with forced circulation are 
only used to a very limited extent. 

Tarrow's Water-Tube Boiler. — ^The Yarrow water-tube boiler con- 
sists of a cylindrical upper part of 20 inches diameter and 6 feet long, and 
two lower prismatic water-pockets 6 feet in length. These three chambers 
are subdivided longitudinally, so as to permit free access to their interior. 
When the boiler is working, the upper cylinder is half full of water. This 
cylinder is connected to the water-pockets by a large number of straight 
galvanised steel-tubes, slanting downwards at an angle of 30 degrees, and 
forming in section a body something like an inverted V, of which the fire- 
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grate forms the base. Owing to the chambers being capable of longi* 
tudinal sub-division, the tubes may be readily examined and renewed 
when required. The flames rise from the furnace and pass to the right 
and left, in between the slanting tubes, and round the top cylinder to the 
funnel. 

The tubes are completely filled with water, and the s>'8tem of circulation 
is maintained, owing to the water in the tubes subject to the greatest heat 
having an upward current, and that in those subjected to less heat having 




^Fig. 243.— Almy's water •tube boiler. 



a downward current. The water rises in the inner rows of tubes, and 
descends in the outer rows. Steam is produced in the outer rows ; but the 
steam-bubbles are carried do^n by the descending currents. The tubes 
are i inch diameter and 4 feet long, of mild steel. The upper and lower 
chambers are castings in steel or tough cast-iron. The boiler is cased 
with sheet-iron, lined with fire-tiles. 

Almy's Water-Tube Boiler. — ^This boiler is formed of wrought-iron 
or steel tubes of small diameter, arranged vertically and horizontally over a 
fire-grate placed near the bottom of the boiler. The boiler shown in Fig. 
243 has a total heating-surface of 700 square feet ; the area of the fire-grate 
is 30 square feet; and the water-contents are 200 gallons. The boiler 
weighs about 5 1 tons. The feed-water passes through a heater before 
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entering the boiler. A separator is fixed on the front of the boiler, from 
which steam is drawn for the engine. 

Piroporticiui of Water-Tube Boilers. — The heating-surface of water- 
tube boilers is measured upon the internal diameter of the tube. In 
a general way, i square foot of heating-surface is required for the evapora- 
tion of 2^ lbs. of water per hour, and 40 square feet of heating-surface are 
required for every 100 lbs. of water evaporated per hour. For instance, to 
evaporate 6000 lbs. of water per hour, a water-tube boiler is required with 
6000 -f- 100 = 60 X 40 =s 2400 square feet of heating-surface. It is 
necessary to provide a large steam-receiver at the top of the boiler to obtain 
dry steam, especially for a boiler which only delivers the steam at one end 
of the receiver, because such unequable delivery causes violent disturbance 
of the water-level. The diameter in inches of the steam-receiver may be 
= heating-surface of the boiler in square feet -5- 38 to 40. The receiver 
should be of mild-steel, with the longitudinal seams double or treble 
riveted according to the working-pressure. 

The proportion of the heating-surfaces of several kinds of water-tube 
boilers are given at page 145 ; the quantity of water usually provided per 
square foot of heating-surface is given at page 146; the capacity of the 
steam-space is given at page 149 ; and the area of the fire-grate surface is 
given at pages 152 and 155. 

These boilers are sometimes cased with sheet-iron lined with non-con- 
ducting material, or with fire-tiles, but they are most frequently set in a 
chamber of brickwork, having a cast-iron front. The number of bricks 
required varies, but when the walls are of ordinary thickness, it is, on an 
average, seven stock-bricks and two fire-bricks per square foot of the 
heating-surface of the boiler. 

The evaporative performances of a number of water-tube boilers of various 
kinds are given in Table 85, page 357. 

Weight of Water-Tube Boilers. — The weight of water-tube boilers 
of different types varies considerably. Taking the average of a number of 
water-tube boilers having tubes of 4 inches external diameter arranged in an 
inclined position over the furnace, it appears that they weigh from 20 to 22 
lbs. per square foot of heating-surface, exclusive of the brickwork-casing. 
For instance, a water-tube boiler of this kind having 1200 square feet of 
heating-surface, weighs, approximately, 1200 x 22 lbs. = 26400 lbs. -7- 
2240 a= 11*8 tons, without the casing. 

Allowing, in a general way, 10 square feet of heating-surface per 
indicated horse-power, this boiler is suitable for supplying steam for an 
economical engine of 1200 -7- 10 = 120 indicated horse-power. 

Ctanpaxison of the Weight of Meutt-Boilers of Various Tjrpes. 
^The weight of steam-boilers of different types, of average proportions, 
of mild-steel, without fittings, expressed in terms of the indicated horse- 
power developed by economical engines, averages, with ordinary draught, in 
a general way, as follows : — 
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Pooncb' weight ofboaer per indketed 
hone-power of the cnciae. 

Locomotive-boilers 29 

Marine-boilers, of modified locomotive type» for triple-expansion engines 3 1 

The Galloway boiler 96 

Cornish-boilers for economical compound-engines .103 

Lancashire-boilers for „ ,, * .... 108 

Externally-fired cylindrical multitubular-boilers for compound-engines 1 10 

Marine return-tube boilers for triple-expansion engines . • 1 14 
Boilers of locomotive type with long fire-boxes adapted for stationary 

engines 140 

Portable boilers, of locomotive type 1 75 

Vertical tubular boilers 200 

Vertical cross-tube boilers 220 

Water-tube boilers of different kinds, exclusive of the brickwork-casing, 

average 230 

Plain cylindrical or egg-ended boilers 300 

The weight of $team-boilers of average proportions, of mild-steel, without 
finings, expressed in terms of the total heating-surface, averages, with 
ordinary draught, in a general way, as follows: — 

Pounds' weight of bmler per mjaan 
foot of total heating nsr&oe. 

Externally-fired cylindrical mullltubular boilers for compound-engines 1 2 

Locomotive boilers 17 

Marine boilers of modified locomotive type for triple-expansion engines 1 9 

Portable boilers of locomotive type 26 

Water-tube boilers of different kinds, exclusive of the brickwork-casing, 

average 2S 

Vertical tubular boilers .30 

The Galloway boiler 35 

Plain cylindrical or egg-ended boilers 36 

Cornish-boilers for economical compound engines . -37 

Marine return-tube boilers for triple-expansion engines . . 38 

Lancashire-boilers for economical compound-engines . .41 

Vertical cross-tube boilers 46 

Boilers of locomotive type with long fire-boxes, adapted for stationary 

engines -57 

It will be seen that the weights of boilers of different types vary consider- 
ably, and that the locomotive boiler contains the greatest power in the least 
weight. 

As an example of the use of the above Table, suppose it be required to 
find the approximate weight of return-tube boilers suitable ik>r triple- 
expansion engines of 1000 indicated horse-power. Then the weight of 
the boilers required for these engines is = (114 lbs. x 1000) -^ 2240 =r 
nearly 51 tons, when empty, and without fittings. 
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Ana of Safety-valve for a given area of Fire-grate, — ^The area of safety- 
valve in square inches required for a given working-pressure of steam, or 
pressure above the atmosphere, may be found by this Rule : — 

Area of fire-grate in square feet x 4 
1/ working-pressure of steam in lbs. per square inch* 

Example : Required the area of the safet>'-valve of a steam-boiler with a 
fire-grate surface of 33 square feet, for a working-pressure of steam of 100 
lbs. per square inch. 

^j^^^ 33 square feet X 4 ^ j^^j,^ 

V 100 ^ ^ 

Area of Safety-valve in square inches for a given Rate of Evaporation. 
The area of safety-valve for a given quantity of water evaporated per hour, 
may be found by this Rule : — 

Evaporative capacity of boiler in lbs. per hour 
40 X V working-pressure of steam in lbs. per square inch' 

Example : A steam-boiler evaporates 8 J lbs. of water per lb. of coal, 
and bums 21 lbs. of coal per square foot of fire-grate surface per hour; the 
fire-grate surface is 33 square feet, and the working-pressure of the steam is 
100 lbs. per square inch. Required the diameter of the safety-valve. 

Then 21 lbs. of coal x 8'2«5 lbs. of water x 33 square feet of fire-grate 
= 5718 lbs. of water, the evaporative capacity of the boiler, and 

5710 lbs. _ 14*20 square inches, area of safety-valve. 
40 X V 100 lbs. 

Then a/ ^^^^ = 4i inches, the diameter of the safety-valve required. 
V 7854 

Two small safety-valves give more 
prompt relief to a boiler than one large 
one. The diameter of a safety-valve, 
loaded with a lever and weight, should 
not exceed 3J inches. When loaded 
with a direct-acting spring, the diameter 
of the valve should not exceed 6 inches. 
The width of the face of the valve should 
not exceed one-tenth inch. 

Zi«v«r Bafiity-TalTM. — Lever safety- 
valves are frequently used for stationary 
boilers, but they have the objection that. 
Fig. .44.-Lever safety-raive. ^^^ ^"^tion of the joiuts causes an extra 

resistance, and consequent increase of 
steam-pressure when the valve is rising. To reduce the friction to a 
mmimum, they should be constructed with a fulcrum-link having a knife- 
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edge bearing as shown in Fig. 244. The length of the link, from centre to 
centre, may be 4^ inches for all sizes of safety-valves. 

The load on the valve, and the pressure on the valve due to the weight 
of the lever, may be foimd by the following formulae : — 

Let a = the area of the safety-valve in square inches. 

b =s the distance in inches of the centre of gravity of the lever from 
the fulcrum : the point at which the lever balances on a knife- 
edge being termed the centre of gravity of the lever. 

< = the distance in inches of the centre of the valve from the 
fulcrum ; not to be less than the valve's diameter. 

w = the weight of the lever in lbs. 

Then, the load on the valve due to the lever = 

c 

The pressure in lbs. per square inch on the valve due to the weight of 
the lever = 

wxb 
axc' 

If the pressure of the steam in lbs. per square inch be represented by p, 
the weight of the valve and pin by v^ and the distance between the weight 
hung on the lever and the fulcrum by /; then the weight in lbs. to be 
placed on the end of the lever is = 

(pxax f)— [g-K3 X w) ] 

I 

For instance, the load on a safety-valve, having a lever with the centre of 
gravity 12 inches from the fulcrum, weight of lever 10 lbs. and a distance 
of 4 inches from the centre of the valve to the fulcrum is = (12 x 10) -t- 
4 = 30 lbs. If the area of the valve be 1 2| square inches, the pressure on 
the valve due to the weight of the lever is = (10 x 12) -5- (i2'5 X 4) = 2*4 
lbs. If the pressure of the steam be 100 lbs. per square inch, the distance 
between the centre of the weight at the end of the lever and the fulcrum 
42 inches ; and the weight of the valve and pin = 5 lbs. 

Then, the weight to be placed at the end of the lever is = 

(100 X I2 -5 X4) — [5-f(i2Xio)] _ 

42 inches distance between weight and fulcrum 

116 lbs., the weight to be placed at the end of the lever of this safety-valve. 

The ball-weight for the end of the lever should, for convenience of calcu- 
lation, weigh an even number of pounds, and its weight should be stamped 
on the top of the fork of the ball. 

When the lever is loaded by a spring-balance, in order that the load on 
the valve may be indicated correctly by the pointer on the scale of the 

S.B.C. X 
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balance, it is necessary that the quotient of the leverage of the spring by 
•the leverage of the valve be equal to the area of the safety-valve in square 
iinches. 

Dead- Weight Safety- Valves. — ^Dead-weight safety-valves, shown in 
:3ection in Fig. 245, are frequently employed for stationary-boilers. As the 

centre of gravity of the casing and weights 
with which the valve is loaded is below the 
valve, it keeps its position on its seat without 
the aid of guides. This form of valve is 
sensitive and efficient, and it is difficult to 
tamper with it by the addition of further 
weights than the valve is constructed to carry. 
Saftty-Vahre for High Steam and 
Low Water. — A safety-valve for high steam 
and low water, frequently used for Lancashire 
and other stationary boilers, is shown in Fig. 
246. The central spindle projecting into the 
boiler is loaded by a weight. A float is attached 
to a lever, and when the water falls below the 
desired level, the float also falls and raises the 
valve and allows the steam to blow off, thus 
lowering the pressure and giving an alarm. 
The cage of the valve is loaded by an external 
lever and weight, and lifts along with the 
valve in the case of steam rising in pressure 
above the desired limit, and relieves the pres- 
sure in the boiler. 
The valve-lever requires to be accurately balanced to secure efficient 
action of the valve. The valve and connections should be examined at 
•each cleaning of the boiler, and maintained in good order. 

Spring-Loaded Bafetj-Valvee. — Spring-loaded safety-valves are 
4iuitable for all types of steam-boilers, rules for which, with other rules 
and data for safety-valves, are given in the author's works, "The 
Works' Manager's Handbook" and "The Practical Engineer's Hand- 
book." 

Bteam-Fipee for Boilers.— Steam-pipes should take as short and dfrect 
a course as possible to the engine, and have as few bends as possible. To 
prevent reduction of pressure between* the boiler and the engine, due to 
frictional resistance of the flow of steam, the velocity of steam through a 
steam-pipe of moderate length with several bends, should not exceed 85 feet 
per second when the engine is at its maximum speed, that is = 85 x 60 
= 5100 feet per minute. When a steam-pipe is very short and straight, the 
velocity of the steam may be 6600 feet per minute. 
The area of steam-pipe may be found by this Rule : — 
Area of cross-section of main steam-pipe in square inches = 




Fig. 245.— Dead-weight safety-valve. 
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Area of cylinder in square inches x speed of piston in feet per minute 
5100, the velocity of the steam in feet per minute 

For instance, the size of main steam-pipe required for an engine '^vith a 
cylinder of 1 5 inches diameter, length of stroke 3 feet, number of revolutions 
per minute 80, is = 

15 X 1 5 inches diameter x 7854 x 3 feet stroke x a x 80 revolutions 



5100, the velocity of the steam 

= 16-63 square inches of area, and \/l—S = 4I inches, the diameter of 

^ *7"54 

steam-pipe, required. 




Fig. 346.— Safety-TidTe for high iteam and low water. 

The area of a main steam-pipe for a boiler of a given evaporative 
capacity may be found by the following jRuU : — 



Cross-sectional area of main steam-pipe in square inches = 

X> bs. of ^'ater evaporated per minute x relative volume of the steam 
Velocity of steam in feet per minute X 62*42 

For example, the area of the main steam-pipe to which a range of six 

X a 



X 144. 
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Lancashire-boilers are connected, each boiler evaporating 7020 lbs. of 
water per hour to steam of icx) lbs. per square inch working-pressure, may 
be found as follows : — 

The relative volume of steam of 100 lbs. per square inch working- 
pressure is, from Table 37, page 107, 238*2. The water evaporated by 
each boiler is = 7020 -7- 60 = 1 17 lbs. per minute. 
Then, 

117 lbs. of water evaporated per minute x 238 '2 _ 

5 ICX) feet per minute velocity of steam x 62*42 ~ 

12*6 square inches, the cross-sectional area of the steam-pipe required for 
one boiler, and 12*6 x 6 = 75*6 square inches of cross-sectional area of 
the main steam-pipe are required for the six boilers. Therefore, the main 
steam-pipe, to which the branch steam-pipe ( f each boiler is connected, 
should be = ^/(75'6 -f- 7854)=, say, 10 inches diameter. 

Steam-pipes should be tested by hydraulic-pressure to at least double the 
working-pressure. 

Thiclmess of Cast-Zron Btoam-Pipes. — Steam-pipes should be of 
good tough metal, and they should have an excess of strength to provide for 
wasting due to corrosion and for accidental strains. However carefully the 
pipes are made there is generally some variation in thickness, due to the 
shifting of the core in casting, and they should be drilled to ascertain the 
least thickness of the metal. 

The thickness of cast-iron steam-pipes may be found by this Rule : — 

Thickness of cast-iron main steam-pipes in inches = 

(Internal diameter of pipe in inches x pressure'\ 
. of steam in lbs. per square inch ) , .- • u 

4000 

For instance, the thickness of a cast-iron main steam-pipe of 6 inches 
internal diameter for steam of 150 lbs. per square inch working-pressure^ 
should be = 

[(6 inches x 150 lbs.) -r- 4000] -|- -5 inch = 725 inch. 

Table 71 has been calculated by this Rule, 

Flanges of Ca«t-Zron Steam-Pipes. — The finished thickness of the 
flanges of these pipes may be equal to the thickness of the pipes in inches 
multiplied by 13. 

The width of the flanges above the outside of the pipe, may be equal to 
the diameter of the bolts through them multiplied by 3 to 3J. 

Bolts of Steam-Fipes. — The bolts may be proportioned by the rules 
given at page 310. In a general way the diameter of the bolts maybe 
equal to the thickness of the cast-iron pipe, measured to the nearest eighth 
of an inch above that thickness. 

The number of bolts of this diameter may generally be four for pipes up 
to 3 inches diameter, five for pipes from 3 J to 5 inches diameter, and above 
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that size there should be one bolt for every inch in diameter of the pipe, that 
IS, 10 bolts for a pipe of 10 inches diameter. 

Table 71. — Thickness of Cast-iron Main Steam-pipes. 



Internal 

Diameter of 

Pipe in 


Working-pteraure of Steam in the Boiler 


in Pounds per 


Square Inch. 


100 lbs. 


125 lbs. 


1 50 lbs. 


180 lbs. 


200 lbs. 


Inchei. 














Inch. 


Thicknei 
Inch. 


s of the Pipe i 
Inch. 


n Inches. 






Inch. 


Inch. 


2 


•5500 


•5625 


•5750 


•5900 


•6000 


H 


•5625 


•5781 


•5937 


•6125 


•6250 


3, 


•5750 


•5937 


•6125 


•6350 


•6500 


3i 


•5875 


•6093 


•6312 


•6575 


•6750 


4 


•6ocx> 


•6250 


•6500 


•6800 


7000 


4i 


•6125 


•6406 


•6687 


7025 


7250 


5 


•6250 


•6562 


•6875 


7250 


7500 


6 


•6500 


•6875 


•7250 


7700 


•8000 


7 


•6750 


•7187 


•7625 


•8150 


•8500 


8 


7000 


•7500 


•8000 


•8600 


•9000 


9 


•7250 


•7812 


•8375 


•9050 


•9500 


lO 


•7500 


•8125 


•8750 


•9500 


I -0000 


II 


•7750 


•8437 


•9125 


•9950 


1*0500 


12 


•8000 


•8750 


•9500 


1-0400 


riooo 



Strain on the Bolts of the Flanges of Steam-Fipes. — The bolts of 
the flanges of steam-pipes are severely strained in tightening them 
sufficiently to secure steam-tight joints, and it is necessary to adopt a factor 
of safety high enough to provide for both the strain produced by tightening 
the nuts with a spanner, and the load due to the pressure of the steam. 
The load on the bolts of steam-pipes may generally be as follows : — 

Iron bolts may be loaded to 2 500 lbs. per square inch of section. 

Mild steel bolts may be loaded to 3000 „ „ „ 

These loads are per square inch of the cross-section of the bolt at the 
bottom of the thread. The diameter and area of the cross-section at the 
bottom of the thread of bolts with Whitworth-thread are as follows : — 

Table 72. — Size of Bolts at the Bottom of the Screw-thread. 



Diameter of 
Boh. 



Inch. 
4 



Diameter at the 'C^«^ct{o~l 

'^•nlLSli**** I bottom of the 
^"^ ' Thread. 



Diameter of 
Boh. 



Inch. 
•509 
•622 

•840 



Square Inch. 
'204 

•304 
'422 

•554 



Inch, 
ll 



Diameter at the 

bottom of the 

Thread. 



Inch. 

•942 
1*067 
1*162 
1*286 



Croes-sectional 

Area at the 

bottom of the 

Thread. 



Square Inch. 

•697 
•894 

i-ooo 
I 30 
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Paroportioiui of Bolts. — The total cross-sectional area in square inches 
at the bottom of the thread of the bolts for a steam-pipe, and the number 
and pitch of the bohs, may be found by the following Rules : — 

Area of bolts = 

The total load on the bolts in lbs, per square inch 
Working-load on the bolts in lbs. per square inch' 

Number of bolts := 

Total cross-sectional area of the bolts in square inches 
Cross-sectional area of one of the bolts in square inches' 

Pitch of bolts = 

Circumference of the circle of the centres of the bolts 
"^ Number of the bolts * 

For instance, the sectional area and number of the bolts required for the 
blank-flange of the branch of a steam-pipe of lo inches internal diameter, 
for a working-pressure of steam of 150 lbs. per square inch, are as 
follows : — 

The surface of the blank-flange presents to the steam-pressure an area 
of 10 X 10 inches x *7854 = 78'54 square inches. The flange resists a 
total pressure of 78*54 square inches x 150 lbs. per square inch = 11 781 
lbs. If iron-bolts be used, the total cross-sectional area of the bolts 
required is = 11 781 lbs. -5- 2500 lbs. per square inch, the working load on 
the bolts =4712 square inches. If Whitworth-bolts of I inch diameter be 
used, the number of bolts required is = 4712 square inches -5-. '5 54 square 
inch, the cross-sectional area of the bottom of the thread = 8-5, or 9 bolts 
are required for this flange ; but 10 would generally be used in practice, 
for the purpose of securing a tight joint. If the diameter of the circle of 
the centres of the bolts in the flange be 15} inches, its circumference is =s 
15*25 X 3*1416 = 47'9i inches, and the pitch of the bolts is = 47*91 -5- 10 
=4791 inches. 

Copp«r Steun-Fipes. — Steam-pipes of copper should be of fine metal, 
containing not more than | per cent, of impurities. The pipes are best 
solid-drawn ; a brazed-jointed pipe is of uncertain strength. 

The thickness of copper steam-pipes may be found by this Rule : — 

Thickness of copper main steam-pipe in inches — 

(Internal diameter of pipe in inches x pressureA 
of steam in lbs, per square inch -^ 4- • • k 

loooo ^ ^^ ' 

For instance, the thickness of a main steam-pipe of copper, 9 inches in- 
ternal diameter, for steam of 180 lbs. per square inch working-pressure, 
should be = 

o inches diameter x 180 lbs. per square inch , o . , 
,0000 + "5 = '^SZ mch. 
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The following Table has been calculated by this Rule :— 

Table 73. — ^Thickness of Copper Main Steam-pipes. 



1 

loMrnal 

Diameter of 

Pipe in 


WocUng-preimra of Stean 


in the Boiler in Poand* per 


1 

Square Inch 


100 lbs. 


125 lbs. 


150 lbs. 


180 lbs. 


300 lbs. 


lodm. 












Thicknen of die Pipe in Inches. 




Inch. 


Inch. 


Inch. 


Inrh. 


Inch. 


li 


•140 


•143 


•147 


•152 


•155 


3 


•145 


•150 


•155 


•161 


•165 


»i 


•150 


•156 


•103 


•170 


•175 


3, 


;»55 


•102 


•170 


•179 


•185 


3i 




•168 


•177 


■188 


•195 


4 


•16? 


■'^5 


•185 


•197 


•205 


4i 


•170 


•181 


•192 


•206 


•315 


5, 


•175 


•187 


•200 


•215 


•325 


Si 


•180 


•193 


•207 


•224 


•235 


6 


•185 


•200 


•215 


•233 


•245 


H 


•190 


•206 


-222 


•242 


•255 


7, 


•195 


-212 


•230 


•251 


•265 


l^ 


•200 


•218 


•237 


•260 


•275 


8 


•205 


•225 


•245 


•269 


•285 


^ 


•210 


•231 


•252 


•278 


•295 


9, 


•215 


•»37 


•260 


•287 


•305 


9i 


•220 


•243 


•267 


'396 


•315 


10 


•225 


•250 


•275 


•305 


•325 


lOi 


•230 


•»56 


•282 


•314 


•335 


II 


•235 


•262 


•290 


•3»3 


•345 


iii 


•240 


•268 


•297 


•332 


•355 


12 


•245 


•275 


•305 


•341 


•365 



FlAngM of Copp«r Mautt-Fipas. — ^The thickness of the flanges of 
these pipes may be equal to the thickness of the pipe multiplied by from 

3 to 4. 

The width of the flanges above the outside of the pipe may be equal to 
the diameter of the bolts through them multiplied by 3. 

Sfltet of Keat on Copper. — The strength of copper is /educed con* 
siderably by heat. The tensile strength diminishes as the temperature 
increases above 32® Fahr., approximately as given in Table 74. 

It will be seen that, when the temperature of copper is 360° Fahr.,whicb 
is nearly the temperature of steam of 140 lbs. per square inch working- 
pressure, or pressure above the atmosphere, its strength is reduced 15 per 
cent. 

BvnrtlBg-Ptasrare of Mautt-Fipas. — ^The bursting-pressure in lbs* 
per square inch in a pipe, when it is considered as a ring of a length of one 
inch, is equal to the product of the diameter of the pipe in inches by the in- 
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ternal pressure in lbs. per square inch, and the resistance to the pressure is 
that due to the area of the metal on two opposite sides of the pipe. 

Table 74. — Showing the Per-centage or Strength lost by Eleva- 
tion OF THE Temperature of Coppe]( above 33^ Fahr. 



Tempentare above 


Dimtnation of 


Temperature above 
Sa- Fahr. 


Diminution oT 


?^F*hr. 


Tensile Strength. 


TensUe Strength. 





Per cent. 


' ,° 


Per cent. 


100 


2 1 


, 670 


35 


170 


5 


i 780 


45 


280 


10 1 


• 820 


50 


360 


15 ' 


870 


55 


450 


20 


970 


66 


470 


22 


1000 


68 


520 


*5 


1200 


88 



The bursting-pressure of steam-pipes may be found by this Rule : — 

Bursting-pressure of steam-pipes in lbs. per square inch == 

rickness of pipe in inches x 2 x tensile strengthN 
of the metal in lbs, per square inch / 

Internal diameter of pipe in inches 

The tensile strength of good metal for pipes averages as follows : — 



Cast-iron pipes 
Copper-pipes 



Tensile strength in lbs. 
per square inch. 

. . 15000 
. 30000 



Wrought-iron tubes 
Mild-steel tubes . 



Tensile strength in lbs. 
per square inch. 

. . 49000 

. 60000 



The strength given for copper is that of metal of average quality when 
cold. 

In calculating the bursting-strength of a copper-pipe, an allowance 
for the reduction of the strength due to elevation of temperature by the steam 
should be made according to Table 74. A reduction of 15 per cent, may, 
in a general way, be made for this purpose, and the tensile strength of a 
copper steam-pipe may be assumed to be = 30000 x '85 = 25500 lbs. 
per square inch. 

As an example of the previous Rule : — Required the bursting-pressure of 
a steam-pipe, 9 inches internal diameter, of copper -26 inch thick ? 

rp, ^^ -26 inch thick x 2 X 25500 lbs. , ^^ ,, . , . 

Then ^ — : — - — r- , ,. ^^, = i473 *bs. per square mch, the 

9 mches internal diameter ^ «- -1 » 

pressure required to burst this pipe. 

Flow of 0t6fttt tlirougli Steam-Fipes. — ^The flow of steam from a 
boiler through a stop-valve, and through straight-pipes, may be found 
approximately by the following formula, which applies to all pressures above 
12 pounds per square inch above the atmosphere. 
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Weight of steam in lbs. discharged per minute = 
^^"i«.PI«i?.H^« of .steam mjbs^per jquare inc h ^ ^^^^ ^^ ^.^ .^ ^^^^ 

inches. 

In which, C = i'38 for steam-pipes up to 10 feet in length. 
C = 1*39 „ „ 40 „ „ 

C =: 1-42 „ „ 70 „ „ 

C = 1-46 „ „ 100 „ „ 

Example : Required the weight of steam of 1 1 5 pounds per square inch 
absolute pressure, flowing from a boiler through a stop-valve with a steam- 
pipe 20 feet long. 

Then, the area of the steam-pipe is = 4 x 4 x 7854 = 13*36 square 

inches, and ^'^ ^' x 13*36 = 1113*28 pounds, the discharge of steam 
1*38 

per minute, and 1113*28 x 60 = 66797 pounds of steam discharged by 
the pipe per hour. 

When the steam enters a pipe with a round-edged orifice, and it has no 
stop-valve, the discharge is 1 5 per cent, greater than that obtained by this 
J^ule. 

The flow of steam is neither increased nor diminished by reducing the 
<)utside pressure below 58 per cent, of the absolute pressure in the boiler ; 
that is, the same weight of steam will flow from a boiler under icx) lbs. per 
square inch pressure into steam of 58 lbs. per square inch absolute 
pressure as into the atmosphere. 

Veloeity of th* Flow of Bteam tlirongli Pipes. The velocity of 
steam through an oriflce, such as that of a stop-valve, and through short 
pipes, may be found by the following Rule : — 

Velocity of steam in feet per second = 

32 X y (temperature of steam of absolute pressure + 460). 

Example: Required the velocity of steam of 100 lbs. per square inch 
absolute pressure, through a short pipe. 

Then, steam of 100 lbs. per square inch absolute pressure is = 100 — 15 
= 85 lbs. per square inch gauge-pressure, the temperature of which is from 
Table 37, page 107 = 327^*4 Fahr., and 327*4 -h 460 = 787*4, the 
square root of which is = 28*06, and 2 8 06 x 32 = 898 feet per second, 
the velocity of the steam through this pipe. 

Stop-ValTMi for Steam-Pipes. — ^The velocity of steam through a stop- 
valve should not be greater than that given for steam-pipes at page 306. A 
stop-valve is best fitted with an external nut on the spindle, fixed in a cross- 
bar on pillars, as shown in Fig. 247, so that the condition of the thread of the 
screw on the spindle may be seen. When the nut is fixed on the inside of 
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the lid of the valve-box, the thread may become badly worn and partly 

stripped without being observed. 

The cross-sectional area of a stop-valve may be found by this Rule : — 
Area of stop-valve in square inches = the evaporative capacity of the 

boiler in lbs. of water per hour x "0047. 

For instance, the area of a stop-valve for a boiler evaporating 6000 lbs. 

of water per hour should be = 6ocx> lbs. x '0047 = a8'2 square inches, 

and the diameter of the valve should be = 



^ 



282 sq uare inches ^ ^ .^^^^^ 

7854 




Fig. 947.— Stop-valve and steam-collecting pipe. 



coUeeiiiig- 
pipe. — Steam should be 
drawn from the boiler 
by a perforated collect- 
ing pipe, or anti-priming 
pipe, fixed below the 
stop-valve, close to the 
shell, as shown in the 
annexed engraving, into 
which the steam flows 
tranquilly, without creat- 
ing a rapid current, 
which is liable to cany 
water with it. The total area of the perforations should not be more than 
one-third greater than the sectional area of the stop-valve in order to pre- 
vent priming, which excessive area tends to produce. The total area of the 
perforations divided by the area of one perforation will give the number 
of perforations in the collecting-pipe. 

Steam-collecting-pipes are frequently made too short to be efficient. It 
is desirable that they should extend the entire length of the steam-space, or 
as great a portion of the length as convenient, in order to distribute the 
withdrawal of the steam over as great a length as possible. 

Sxpuudon of Stosm-FipMi. — Means should be provided to permit free 
movement of steam-pipes as they expand and contract in length. This is 
best effected by the employment of bends of solid drawn copper-pipe, of 
sufficient length to permit them to spring and accommodate the expansion. 
A stuffing-box is frequently placed in the line of pipe for this purpose, 
but as it is generally necessary to employ a guard-ring connected to the 
stuffing-box by bolts, as shown in Fig. 248, to prevent the pipe being 
drawn through the stuffing-box, the bolts do not expand in the same ratio 
as the pipe, and it is not an efficient arrangement. The stuffing-box is 
also liable to leak, and may cause more inconvenience than it was designed 
to obviate. 
The expansion of steam-pipes is considerable. For instance, a cast-iron 
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steam-pipe, 60 feet long, heated 3cx>®, will expand, = 60 feet x 12 inches x 
•0000063 X 300° = x*36o8 inches. A copper steam-pipe of the same 
length will expand =60 x 12 x -00001095 x 300 = 2*3652 inches. 
Therefore, It is essential to make provision for the expansion of steam-pipes^ 
to prevent leakage at the joints and to obviate fracture. 

Wat«r-Kaiii]ii«r in StMun-Piptti. — When steam is turned into a pipe 
containing water, even in small quantities, a sudden condensation is 
produced, resulting in the water being driven violently by the steam against 
the sides of the pipe, causing a succession of blows or water-hammer, and a 
severe strain on the pipe. Steam-pipes have been burst by water-hammer 
when their bursting-pressure was more than ten times as great as the 
pressure of the steam in the pipes at the instant of fracture. Therefore, water* 
hammer may cause a strain or pressure of as much as or more than ten 
times as great as the working-pressure which the pipes were designed to 
sustain. Hence, it is important to avoid arrangements of pipes which permit 
lodgment of water, and to drain steam-pipes automatically, so that they 
may be maintained free from water. 

A steam-pipe should not incline towards the boiler, 
for the purpose of draining the water from condensation 
back into the boiler, because the water will come in 
violent conflict with the steam, and may cause water- 
hammer. 

The steam-pipe should incline towards the engine 
and drain into a separator. 





Fig. 348W — Ejcpuiuoa-joint. 



Fig. 949.— SepaiBlor. 



8«pftsator fnr 8tMUii-Pip«i. — Steam generally contains more or less 
water held in suspension carried with it from the boiler, and a considerable 
quantity of water is carried with the steam in the case of priming. Much 
water is, therefore, frequently present in steam-pipes, which it is desirable 
to separate from the steam before it enters the cylinder of the engine. 

A separator is an apparatus for depriving the steam of water. This is 
generally effected by causing the steam to take a sharp turn, so as to shoot 
off the water mixed with it into a catch-chamber. A simple and efficient 
separator of this description is shown in Fig. 249. 

The separator shoidd be fixed as close to the engine as convenient^ 
and the steam-pipe should be inclined to it, so that the drain of water 
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from the ppe may be intercepCed bj the separator. The water may be 
drained amomarically from the separator by comiecting it to a steam-ti^. 

Kowatiaigs ftr W— w Hafflaii — ^Tbe mountings for steam-boilers 
should be of the best description, when of inferior quality they giire inMibk 
and soon wear out. The branches, or seating-blocks, for fixing the 
mountings, shown in Fig. 350, should be of mild-steel, and riveted to 
the boiler-plates. The face of the blocks should be turned, and scraped to 
a true surface, and the joint of the fittings made with boiled oil. 

MMMS-Cteogvs. — ^The movement of the index or pointer on the dial of 
a steam-gauge is derived either from the movement of an elastic corrugated 
plate caused by the pressure of steam against it, or from the movement 
of a bent flattened tube of metal in becoming 
straightened under pressure. The latter is the 
Bourdon-principle, and the majority of steam- 
gauges are made on this principle, as it is very 
simple and reliable. 

If a metal-tube of flattened section be closed 
at one end and bent in the form of the letter 





Fig. 95a— Seating-Uock. Fig. 251.— Bourdoa stem-gauge. 

O' ^^ U> ^^^ application of internal pressure tends to change the shape 
of the tube to a circular section, which cannot be effected without partially 
unbending the tube. 

In a steam-gauge, shown in Fig. 251, one end of a tube of this form is 
attached to the case of the gauge, and the other end is free to move under 
the internal pressure of the steam. The moving end of the tube is connec- 
ted by a link to a lever, having at one end a toothed segment which gears 
into a pinion fixed on a spindle which carries the pointer. The tube is 
generally of brass for moderately high pressures, and of steel coated with 
tin for high pressures of steam. To prevent injury to the gauge by heat, it 
is fixed on a syphon-shaped bend, which becomes filled with water, con- 
densed from the steam, of comparatively low temperature, which prevents 
steam entering the gauge. 

A steam-gauge should have a stop-cock, so that it may be removed, 
tested, and replaced while the boiler is working. When there is a pipe 
between the syphon-tube and the boiler, a blow-off-cock should be fixed 
level with the bottom of the steam-gauge, so that sediment may be blown 
from the gauge-pipe without disturbmg the water in the syphon-tube. A 
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Steam-gauge should not be fixed where a current of steam flows past the 
entrance to the gauge-pipe. 

Steam-gauges should be removed from the boiler and tested at regular 
Intervals, because they are liable to get out of order when in constant use 
and to give inaccurate indications of pressure. They should also be 
frequently tested by shutting off the steam, putting them into communica- 
tion with the atmosphere, and allowing the pointer to run back to zero. 
The gauge-pipe should have a branch with a stop-cock, for the purpose of 
fixing a standard steam-gauge to test the accuracy of the one employed. 

Water-Oauges. — Water-gauges should be of phosphor-bronze, or fine 
gun-metal ; inferior metal is seriously deteriorated by heat, and becomes 
rotten or brittle. 

The cocks are best made with solid bottoms and 
stufling-box tops as shown in Fig. 252. The steam 
and water passages should not be less than ^ inch, 
but rather greater. The glass tubes expand con- 
siderably, and they should be at least -^ inch less 
in diameter than the gland$ of their stuffing-boxes. 

The bottom portion of the gauge is usually fixed 
so that when the water is in sight in the glass the 
level of the water is from 4 to 6 inches above the 
crown of the furnace-tubes of Cornish and Lanca- 
shire boilers, and from 2 to 5 inches above the top 
of the fire-box or combustion-chamber of other 
types of boilers. In marine return-tube boilers the 
bottom of the gauge-glass is generally placed from 
3 to 4 inches above the top of the combustion- 
chamber, the length of the glass between the out- 
side of the glands of its stuffing-boxes is frequently 
1 1 inches, and the working-water level is at about 
the middle of the glass. 

When water-gauges are attached to pipes, the 
internal diameter of the pipes should not be less 
than i^ inches, but rather greater; pipes of less 
diameter than this soon become choked with 
incrustation. 

A boiler should have two water-gauges, one being a check on the other, 
and a convenience in case of accident to one gauge. Water-gauges should 
be frequently blown through every day, and the steam and water passages 
and glasses maintained clean. 

The taper of the plugs of water-gauges may be J inch in diameter for 
each I inch in length. 

T^st-Cooks. — Test-cocks, shown in Fig. 253, are employed for testing 
the water-level of steam-boilers as a check on the water-gauges. They are 
generally three in number, the top test-cock is frequently placed x inch 




Fig. asa.— Water-gauge. 




Fig. 953.— Test-cock. 
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above the top of the glass of the watcr-gaoge, and the bottom test<oc& 
I inch below the bottom of the gaoge^asa ; the other test-cock is placed 
aaidway between the top and bottom test-cocks. In some cases the bottom 
test-cock is placed on a level with the top of the combnstion-chamber, and 
the top test-cock is fiied at the high water-leveL 

The uper of the plugs of test-cocks may be i in 6. 

0eui-Ooek. — Vfhtn a scum-cock, shown in Fig. 354, is cmplojed it is 
to blow off scum from the surface of the water in a steam-boiler. A 
trough-shaped pipe is carried from the scum-cock inside the boiler, the top 
of which is placed a little below the working water-level oi the boiler, for 
the purpose of collecting sctmi and refuse floating on the surfoce of the 
water. 





Fig. «S4-~~ Scmi'CodE. 



Fig. 955.— Blo«r-off<ock. 



The cross-sectional area of a scum-cock in square inches may be = the 
evaporative capacity of the boiler in lbs. of water per hour x '00053. 

For instance, the sectional area of a sciun-cock for a boiler evaporating 
6000 lbs. of water per hour may be = 6000 lbs. x '00053 = 3-18 square 
inches, and the diameter of the scum-cock should be = 

A/ 3i— =s s inches. 
V 7854 

The taper of the phigs of scum-cocks may be i in 8. 

Blow«off-Oo€k. — Blow-off-cocks, shown in Fig. 255, are preferably of 
gnn-metal, but they are sometimes of cast-iron with or without gun-metal 
linings for the plugs to work in, and with gun-metal plugs. The gun-metal 
may be composed of 88 parts of copper, 10 of tin, and 2 of zinc. The 
taper of the plug may be i in 6 for steam-pressures up to 90 lbs. per square 
inch ; I in 8 up to 180 lbs. per square inch ; for higher pressures the taper 
should be I in 10. The cock should have a solid bottom and a stuffings 
box top. Metallic packing is the best for blow-off-cocks for boilers pro- 
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ducing steam of very high pressure. A screw should be fitted to the 
bottom of the cock to ease the plug when it sticks fast. 

The cross-sectional area of a blow-off-cock in square inches may be =s 
the evaporative capacity of the boiler in lbs. of water per hour x 'ocx>82. 

For instance, the sectional area of a blow-off-cock for a boiler evaporat- 
ing 6ocx> lbs. of water per hour may be = 6000 lbs. x '00082 = 4-92 square 
inches, and the diameter of the blow-off-cock should be = 

//^l = 2I inches. 
V 7854 ' 

A guard should be fixed over the plug, with a featherway to receive a 
feather on the box-key for turning the plug, so that the key cannot be 
withdrawn unless the cock be shut. 

Blow-off-cocks are liable to stick fast. They should be opened at least 
once a day, and the plug should be removed, cleaned and replaced, and 
the packing of the stuffing-box adjusted at each cleaning of the boiler. 

The elbow-pipe for attaching the blow-off-cock to the boiler should be 
of steel. The diameter of the end attached to the seating-block on 
the boiler should be double that of the end to which the blow-off-cock 
is fixed. 

Mud-Plugs. — The mud-plugs of multitubular boilers should be of gun- 
metal, if or if inches diameter at the small end, and screwed 11 threads 
per inch. The taper of the plugs should be i in 6. A zinc-plug, having 
a collar projecting into the water-space, should be fitted in the hollow 
portion of the mud-plug, to prevent the corrosion of the screw-thread in the 
plate of the boiler. 

FiudUe-Plugs for the Crowiui of Furaaod-Tulies and Vire-Bozes 
of Steam-Boilem. — ^The function of a fusible-plug is to melt when the 
water accidents lly becomes low, and present an opening for the escape of steam 
and water from the boiler into the furnace, to quench the fire and prevent 
the furnace-tube becoming dangerously hot, and thus avoid the bulging or 
collapse of the tube. Fusible-plugs, when of good and reliable construction, 
are useful safeguards against overheating of the furnace-plates in the event 
of shortness of water. They should, therefore, be fitted to all steam- 
boilers, and it is essential that they be frequently examined, and maintained 
in a clean and sound state. 

Numerous forms of fusible-plugs are in use, many of which have the 
objection of not presenting a sufficient quantity of fusible metal to be acted 
on by the heat. Fusible-alloys have a tendency to become less fusible 
after being in use a short time in a boiler, and the smaller the quantity of 
metal the more rapidly is it affected by usage. The quantity of fusible 
metal employed is frequently so small that it suffers rapid deterioration, 
and soon becomes inoperative. The metal is also frequently confined in 
small or narrow spaces, which arrangement is liable to lead to fusion of 
only a portion of the metal, and the escape of steam m small jets, which 



320 



STEAM-BOILER CONSTRUCTION. 



prevents farther fusion of the plug, and results in the fire being onljr 
partially quenched. In some cases, a portion of one of the metals forming 
the alloy fuses, and the remainder remain unmelted. That which fuses 
becomes replaced by carbonate of lime, and the alloy is rendered oseless as 
a fusible metal. 

A good form of fusible-plug is shown in Fig. 256. It consists of a 
gun-metal case filled with fusible metal, screwed into an outer casing of 
gun-metal. It contains a sufficient quantity of fusible metal to be 
efficiently acted upon by heat, and when fusion of the plug takes place, an 
opening is presented large enough for the escape of sufficient water to 
rapidly quench the fire. The plug is screwed into a hollow seating or 
socket screwed into the top of the furnace, so as to bring the bottom of the 
plug level with the water-side of the furnace-crown or a little above it as 
may be desired. The plug should be cleaned, and the scale scraped from 
the top of the fusible metal each time the boiler is cleaned. 






Fig. as6.— Fusible-plug. 



Fig. 957.— Fosible-plttg. 



Fig. asS.— Fnsibk-pluc. 



A modification of this form of fusible-plug is shown in Fig. 257. It is 
provided with a cap of zinc to prevent the formation of scale on the surface 
of the fusible alloy, the action of zinc being very effective for this purpose 
in some kinds of feed-water. 

Another form of this plug is shown in Fig. 258. It is provided with a 
cover at the bottom, to prevent the escape of any of the fusible metal until 
the whole is melted. The bottom of the plug is so arranged that it may be 
screwed direct into the furnace-crown without the intervention of a socket 

The best position for a fusible-plug, is on that part of the crown of the 
furnace which receives the most intense heat from the fire. 

FiudUe-Mtttal fnr Fuible-Pliigs.— Tin of pure quality is the most 
reliable metal for fusible-plugs, because its nature is not impdred by use 
in a boiler, as is the case with fusible-alloys. It melts at 446^ Fahr. 

There are numerous alloys suitable for fusible-plugs ; the composition 
and melting-points of a few of which are as follows : — 
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Fusible alloy composed of 13 parts of tin and 4 of lead melts af 36o?.Faftir. 

H . >» »♦ ' • O >t ) 

f «* i» O >t > 

II !• »» ^ l» I 

II II i» 4 i» I 

' The alloy should be employed which melts at a temperature correspond- 
ing to that of steam of the pressure to which the boiler is limited, or a little 
higher pressure than the working-pressure. The fusible-plug is then a 
protection against over-pressure, as. well as against injury from shortness of 
water, so long as the nature of the alloy remains unchanged. 

In casting these alloys, care should be taken to obtain sound castings, 
because if there be air-holes in the metal, it is liable to be blown out 61 
its place when in use. The plugs should be frequently examined and 
renewed. 

Lead is sometimes used for fusible-plugs. It melts at 620^ Fahr. 

r^ed-Fnmps for Steam-Boiters. — ^The capacity of the feed-pump of 
a steam-boiler should be equal to supplying at least double the quantity of 
water evaporated by the boiler per hour, in order to have a margin, and to 
enable the pump to keep down the supply of steam in case the engine is 
stopped for any reason unexpectedly when the fires are brisk. 

The cross-sectional area of the ram of a feed-pump, having a length of 
stroke equal to i^ times the diameter of the ram, may be found by this 
rule : — 

Cross-sectional area of ram of feed-pump in square inches = 

The evaporative capacity of the boiler in pounds of water per hour x 
•002. 

For instance, a Lancashire boiler evaporating 6,000 pounds of water 
per hour, should have a feed-pump with a ram having a cross-sectional 
area = 6,000 lbs. x '002 =12 square inches. The ram should be = 



A/ 9 .i = A inches diameter in round numbers, and the 

V 7854 

length of its stroke should be = 4 inches diameter x 1*5 = 6 inches.. 

The speed of the ram of a feed-pump may be 50 feet per minute, and 
should never exceed 100 feet per minute. Feed-pumps are frequently 
worked at too high a speed. The efficiency of a feed-pump is greater, and 
the wear and tear of the valves is less, at a low than at a high speed. 

The friction of the ram of the pump may be reduced to a minimum 
by the employment of metallic-packing for its stuffing-box. 

In pumping hot water, the pump should be so fixed that the water may 
flow into its barrel by gravity, so that the pump may only have to force 
and not lift the water. 

Feed Baok-PrMsiire VaItmi. — ^A feed back-pressure valve is best 
fitted with an external nut on the spindle ; but it is generally arranged with 

S.B.C. Y 
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an Internal nut, as shown in Fig. 259. The valve should be sufficiently 
large in diameter to deliver the water with a lift not exceeding | inch ; a 
higher lift results in rapid destruction of the valve-seat, from the hammering 
action of the valve. The bottom of the delivery-branch to the boiler should 

be placed ata distance above the valve 
seat of at least equal to the diameter 
of the valve, in order to permit the 
pressure to act on the top of the 
valve, and ensure its closing properly 
and wearing evenly. 

The cross-sectional area of a feed- 
valve in square inches may be = the 
evaporative capacity of the boiler in 
lbs. X '00082. 

For instance, the sectional area of 
a feed back-pressure valve for a 
boiler evaporating 6000 lbs. of water 
per hour may be = 6000 lbs. x 
•00082 = 4*92 square inches, and 
the diameter of the feed-valve is = 




Fig. 259.— Feed back-preuure valve. 



V 



-151 = 2i inches. 
7854 



Feeding Steam-Boilers. — Feed-water forced into a boiler requires 

' time to raise it to the same temperature as that of the boiler, and if it be 

rapidly injected in a considerable quantity it lowers the temperature of 

the water in the boiler excessively, and causes extravagant consumption 

of fuel. 

The feed-water should be supplied in the best manner to maintain the 
temperature of the water in the boiler as uniform as possible. 

The supply of feed-water should be regulated to the demand for 
steam so as to maintain a steady water-level, and it should be continuous. 
An intermittent feed-supply lowers the temperature of the water in the 
boiler excessively, and is prejudicial to economical evaporation and to a 
steady supply of steam. 

The feed-water should enter the boiler above the level of the furnace- 
crowns so that in case of grit preventing the closing of the feed-valve, or 
of fracture of the valve-box, the water may not run out of the boiler and 
leave the furnace-crowns bare. When feed-water is delivered near the 
bottom of internally fired boilers it interferes with the circulation and 
increases the quantity of dead-water at that part. 

The feed-water is generally delivered to Cornish and Lancashire boilers 
through a pipe suspended from the shell and placed about 2 inches above 
the crowns of the furnaces, and extending about one half the length of 
the boiler, the last one-third of the length of the pipe is perforated for 



SOFTENING FEED-WATER FOR STEAM-BOILERS. 



323 



dispersing the feed-water. In other types of boilers the feed-water is 
generally delivered about 7 inches below the working water-level. 
Sapplameiitaxy Supply of Teed- Water ioir Kasina-Boileni. — ^In 

the processes of evaporating water to steam in a steam-boiler, condensing 
it after being exhausted from the engines, returning it to the boiler, and 
again evaporating it, there should theoretically be no loss, but in practice 
there is a considerable loss from the leakage of cocks, valves, pumps, 
cylinder-glands, safety-valves and various fittings. This loss is generally 
made up from fresh water either carried in the vessel in tanks, or produced 
by evaporating sea-water in an evaporator, the heating-surface of which is 
generally composed of rows, or coils, of copper pipe. 

The loss by leakage varies considerably, but in engines with well-packed 
glands it may, in a general way, be assumed to average i lb. of water 
per indicated horse-power per hour. Therefore, the boilers of a set of 
engines developing 1,000 
indicated horse power will 
require in working 24 
hours, 1,000 X I lb. of 
water x 24 hours = 24000 
lbs. of supplementary feed- 
water. 

SoftemngFead-Watar 
f6r Steam - Boilers. — 
Water in a natural state 
always contains more or 
less mineral impurities, 
which, on heating the water 
to a high temperature, are 
rendered insoluble, and 
coalesce into hard incrustation on the surfaces of heated plates of boilers. 
Fragments of thick scale removed from a steam-boiler are shown in 
Fig. 260. 

The impurities held in solution in feed-water for steam-boilers, which 
produce incrustation, are principally sulphate of lime, and carbonates of 
lime and magnesia. 

Sulphate of lime is common plaster of Paris. It may be dissolved in 
large quantities, being soluble to the extent of one part in from three to four 
himdred parts of water. 

The carbonates of lime and magnesia are almost insoluble, except 
in the presence of carbonic acid. They can, therefore, be dissolved in 
water containing carbonic acid gas, giving rise to double carbonates or 
bi-carbonates of these compounds. This gas is driven off by boiling, and 
the lime and magnesia held in solution in the water are thrown down as 
insoluble deposits. 

Several substances combine with carbonic acid gas and release the car- 
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Fig. a6o.— Fragments of boUer-icale. 
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booate of lime, soch as lime and caustic sodz. . The soluble snlpbate of 
lime maj be converted into the insoluble carbonate of lime by tr eatment 
with carbonate of soda or common washing soda. 

These softening materials require to be used in definite prqi^ortions, 
according to the chemical composition of the water. In softming water 
with caustic soda, it requires to be heated to a temperature of not less 
than 1 80^ Fahr.; and to soften water with carbonate of soda, it requires 
to be heated to a temperature of not less than 212^ Fahr. 

FngMeatioa of Water hj KMt. — The scale-forming substances held 
in solution are precipitated by heating and evaporating the water. A 
part of the mineral matter is deposited in the form of fine powder, which 
forms mud or sludge, and the remainder settles on the plates of the boiler 
as hard scale. The temperatures at which ^lineral substances are precipi- 
tated vary considerably. Carbonates of lime and magnesia precipitate at 
a less heat than sulphate of lime and other minerals. 

The precipitating temperatures are as follows : — 

Carbonates of lime precipitate at temperatures of from 180^ to 260° Fahr. 
Sulphates of lime „ •. „ „ 303° to 430"* „ 

Chlorides of magnesium ,. „ 212^10270^ „ 

„ sodium „ ,. „ 330° to 380° „ 

When feed-water is not purified, these salts are released from the water 
when it is heated to the above temperatures in the boiler, and are depoated 
on the plates, and form incrustation. By heating the feed-water in a 
separate vessel to these temperatures, the deposit of the scale may be effected 
therein, and the introduction of scale-forming impurities into the boiler may 
be greatly prevented. 

TvtatBMnt of Wat«r in a Cold State.— When water is treated in a 
cold state with lime and soda, it requires considerable space and time, as 
the water must remain undisturbed for some time to effect deposit of the 
precipitate and permit clarification. There are numerous special processes 
and mechanical appliances for the treatment of water in large quantities, 
some of which are either too costly or cannot be conveniently applied, for 
the treatment of small quantities of water, such as are used for feed-water 
for steam-boilers. 

ymriflcation of Water hj CHiemieals. — ^The necessity of purifying 
feed-water led to the introduction of innumerable secret chemical compounds, 
generally sold under fancy names, for the prevention or removal of 
scale from steam-boilers. They generally contain lime or soda, or a 
mixture of both ; but caustic soda forms the basis of most boiler composi- 
tions. The soda is frequently coloured to disguise its presence, and it is 
sometimes adulterated with and supplemented by useless and even injurious 
substances, some compositions having been found to contain chloride of 
barium, which is very injurious to metal. These boiler compositions 
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owe' their efficiency entirely to the soda or lime contained, whatever else - 
they may contain. There is no universal specific for the purification of' 
water. Different waters require different treatment, and a chemical exam- 
ination of the water is a necessary preliminary to remedial measures. 

Sdme waters may be softened by being treated simply with lime, others 
require treatment with caustic soda and lime-water, and others require a 
mixture of caustic soda and carbonate of soda, and water containing much 
magnesia requires treatment with a mixture of caustic soda, carbonate of 
soda, and tribasic phosphate of soda. The quantities of these softening 
materials necessary for efficient purification, are calculated in each case 
from the analytical data of the water to be treated ; they cannot be gene- 
rally defined. 

No other materials are required for softening, or removing the' 
impurities held in solution in the water than lime and soda, and all 
chemical compounds and secret compositions for the prevention or 
removal of scale from steam-boilers should be avoided. The impurities^ 
mechanically suspended in the water may be removed by filtration. 

The boiler is not the proper place to effect the deposit of mud and scale* 
from feed-water. The water should be deprived of its scale-forming im- 
purities before it enters the steam-boiler. But when scale has formed in a 
boiler, it should be removed by introducing with the feed-water a solution of 
caustic soda, and frequently blowing off a portion of the water. The amount' 
of caustic soda required when it is pure, is i ounce to every 5 gallons of 
veiy hard water, or half this quantity if the water be of medium hardness. 

To get rid of earthy matter, or other impurities mechanically suspended in 
the water, and sludge, frequent blowing-off and cleaning of the boiler is 
necessary. 

Fr«V6iition of Scale "by Bine. — Zinc has been used with success in^ 
some cases for preventing the formation of scale in steam-boilers using* 
moderately hard feed-water, which yielded a deposit of sulphate of lime. 
It causes the lime^eposit to become pulverent and sedimentary, instead of 
forming into hard scale. From one and a half to two pounds of zinc are 
provided for every ten square feet of heating-surface of the boiler. Zinc Is 
not: equally effective for this purpose in all waters, and it does not prevent 
the formation of scale in water containing much organic matter. 

When zinc is employed in water containing organic matter, an incrustration, 
composed of zinc oxide, organic matter, and sediment, is liable to form, 
which may have an injurious effect on the plates of the boiler, and may 
also cause over-heating. Therefore,, when zinc is used in feed-water of a' 
variable and dirty nature, the boiler should be frequently examined to> 
ascertain the effect of the action of the zinc. ^ 

PMMatioa of Scale hy Vegetable Snbetaacee. — Numerous vegeta-| 
ble substances have been used in steam-boilers for the prevention 'ahd! 
removal of scale, the most effective of which are', eucalyptus, ^umac; o^- 
bark, oak-chips, and logwood, but they are not suitable for .all kindiDf^ 
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water. They contain soluble extractive colouring matter and more or less 
tannic acid. The soluble constituents are dissolved by the water, and basic 
tannate of lime is formed, which separates as a loose deposit and does not 
form scale. 

Sugar has been employed with success in some waters for the removal of 
scale from steam-boilers. 

W«ig]it of ZmpnritiMi in Wat«r. — The weight of impurities held in 
solution and in mechanical suspension in moderately good water varies 
condderably, but it is frequently from 20 to 50 grains per gallon. A 
stationary steam-boiler, evaporating 5000 lbs. of water per hour, containing 38 
grains of solid matter per gallon, would collect a deposit of 5000 lbs. -?- 10 
lbs. s 500 gallons of water evaporated x 28 grains = 14000 grains -?- 
7000 grains per lb. = 2 lbs. per hour, part of which would form sludge, and 
the remainder would be converted into hard scale. This boiler, in working 
a week of 54 hours, would accumulate 2 lbs. x 54 hours = 108 pounds, 
or nearly i cwt. of solid matter. 

PMrantion of Soale hy ICinenJ-oil. — ^Mineral-oil rapidly dissolves 
scale, and is effective in preventing the formation of scale in steam-boilers 
mmg some kinds of feed-water. One pint of kerosine-oil, put into the 
boiler daily, is sufficient to keep a boiler of 40 nominal horse-power free 
from scale. When kerosine-oil is used for this purpose, it should be of 
best refined quality, having a vaporising point very much higher than the 
temperature of the steam in the boiler. The sediment and sludge should 
be removed by daily blowing^ff a portion of the water from the boiler, 
which should be frequently cleaned, by washing out with water from a 
hose. 

Xajnxioiui Effects of Znonuitatilon. — Boiler-scale is a very bad 
conductor of heat, and resists the passage of heat through it, causing 
extravagant consumption of fuel and loss of evaporative efficiency. 
Incrustation frequently causes over-heating, burnt furnace-plates, and 
bulged furnace-crowns. It increases unequal expansion of the structure 
which has a weakening effect, and frequently causes leaky seams, and 
sometimes causes cracks in the plates near the rivet-holes. It causes 
excessive wear and tear, which may occasion numerous repdrs, and it 
necessitates frequent cleaning of the boiler. It is also a frequent contri- 
butoiy cause of boiler explosions. 

LoM of Fnel caused hy Boiler-scale. — ^The loss of fuel caused by a 
coating of scale on the heating-surfaces of a steam-boiler varies con- 
siderably, because it depends upon the composition of the scale, and 
some kinds of scale are much more heat-resisting than others. In some 
cases the loss has been found to be 15 per cent, for eveiy sixteenth of 
an inch of thickness of the scale, in other cases it has been vexy much 
less than this. 

The loss of fuel caused by a coating of scale in a steam-boiler may, in 
a general way, be averaged as follows : — 
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The waste of fuel and loss of evaporative efficiency caused by thick scale 
is so great, that it is always expedient to incur the expense of purifying feed- 
water which contains much scale-forming matter. 

The advantage obtained by freedom from scale in a steam-boiler is 
liable to be counterbalanced by corrosion. The effect of corrosion is more 
insidious and injurious than scale, and it is consequently advantageous to 
permit the formation of scale of the thickness of an egg-shell as a pre- 
ventive against corrosion, when the feed-water is of a corrosive nature. 

Ctorrosioii and Pitting in 8taani-boil«ni. — Gases absorbed by water, 
such as sulphuretted hydrogen, oxygen, and carbonic-acid, are very active 
in the corrosion of boiler-plates. 

Even the purest water, when containing air, will cause corrosion. All 
water contains more or less air, which is liberated when the water reaches 
the boiling point, and it escapes into the steam-space of the boiler. 
When the liberated air does not find a free passage from the boiler, it 
collects in bubbles and causes irregular bead-like corrosion at the parts 
where it collects. 

When much air is present in a boiler, it is not distributed in the steam- 
space, but being heavier than steam it remains below the steam and forms 
a layer between the water and the steam, and rapidly corrodes the plates 
in the vicinity of the water-line. The admission of air to a boiler is a 
frequent cause of corrosion, and care should betaken to prevent the suction- 
pipes of feed-pumps drawing air. 

The slimy deposit of black or blackish-red colour found in steam-boilers, 
contains acids which rapidly corrode the plates. It is generally formed 
from grease carried with the feed-water from the hot-well of the engine 
into the boiler. Many lubricants decompose at 220^ Fahr., and numerous 
cylinder-oils at 330^ Fahr., and form compounds which combine with the 
mineral substances precipitated in the boiler and form a soft greasy deposit, 
containing from 60 to 85 per cent, of such mineral substances as iron- 
oxide, lime, silica, magnesia, iron, and zinc, and from 15 to 40 per cent, of 
oil. 

Part of this greasy deposit rises to the top of the boiler in the form of 
froth or scum, and the remainder settles at the bottom of the boiler in th« 
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form of.'slddge,' The evil effect of this deposit dods liot stop at the 
boiler. The. deposit is frequently carried into the cylinder, of the engine 
where it forms a black paste, which becomes baked on the ends of the 
cylinder and on the piston, and it also frequently causes wear and scoring 
of the cylinder-surfaces. In water containing organic matter free-acids 
may form and cause corrosion. 

Pitting proceeds from the same cause as corrosion. It is the result of 
the chemical action causing the corrosion becoming mtensified and con- 
centrated at a particular part, due principally to the presence of a coating 
of rust and variations of temperature. Pitting can generally be remedied 
by scraping the affected parts and cleaning them with a solution of soda, 
an'd'Codting the surface wiUi Portland cement. 

- iVrsrentioii of Conrosion in 8toam-boil«rs. — Zinc suspended in the 
water is an effective protector from corrosion in boilers. The action of 
zinc fn preventing corrosion is due to the fact that, when two metals of 
dissimilar character are immersed in a liquid capable of chemically acting 
on both of them, and are connected or in metallic contact, the metal which 
is most affected or acted on by the exciting medium becomes the positive 
or couoded element, and the other becomes the negative or inactive 
element, and thus escapes corrosion as long as the metals are in contact. 
Zinc being the most readily acted on it becomes the corroded element, and 
concentrates and absorbs corrosion which would attack the metal of the^ 
boiler if the zinc were not present and in metallic contact. 

A very small quantity of zinc suspended in the water, or about two pounds 
weight of zinc per ton weight of die boiler, will prevent corrosion. £ut a' 
larger quantity should be provided to allow for diminution of the range of 
its influence as it becomes wasted by corrosion. A good propoition is^^ 
2| ounces, or 'i6 lb., of zinc, per square foot of heating-surface of the 
boiler. The zinc is applied in slabs or plates suspended in the water, or 
in sleeves placed on round stay-bolts, or in discs supported by studs. 

When the water is good, or moderately pure, an enamel-like film or 
coating, efficiently protective against corrosion, may be given to the interior 
surfaces of a boiler when clean, by using zinc-plates suspended in the 
water and adding common soda continuously to the feed-water. 
/Another method of applying zinc is to place a ball of zinc, through 
which a bar of pure copper is passed, in a cage suspended in the water, and> 
to connect the ball by wire to those parts of the boiler which suffer 
most from corrosion. But the current of electricity that is developed by 
the zinc and copper is rather feeble, and it is necessary in* some cases to- 
aujgpnent it by the employment of an auxiliary galvanic battery placed out- 
side the boiler. 

A. zinc-plug should be inserted in the ends of wash-out plugs of locomo- 
tive boilers to prevent corrosion of the screw-threads in the plates, and the 
endt'Of water-gauges' and test-cocks should have zSnc^washei^ 'riveted on 
thdwior the. same purpose, r ^ \.-.. , , - , . ,j ,,■; 
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When feed-water contains acids which cause corrosion, their effect itiky 
generally be neutralized by treatment with alkalies, for which purpose s^a- 
ash 18 frequently employed. , • n r: ' 

Adds. have little or no effect upon petroleum, and refined mineral-oil Has^ 
been found effeaive in preventing corrosion in steam-boilers using acid- 
feed-water. Only the best defined mineral-oil should be used for this pur-^ 
pose^ and it should have a vaporising-point of at least 600^ Fahr. ' The^ 
interior of the boiler becomes coated with a thin film of the oil which pro-' 
teds.it against corrosion: The quantity required depends upon thcf nature 
of the feed-water, but in some cases a pint of this oil put into a 40 nominal 
horse-power steam-boiler has been sufficient to maintain it free from bqth 
cprrosion and scale. A portion of the water should be bh)wn-off 
daily from the boiler, which should be frequently cleaned and examined to 
aficqrtain the effect of the oil. 

llfiiating F6«d-w»t«r tor Staam-boileni.— The feed-water delivered 
to a s^am-boiler requires to be heated to the same temperature as that of 
the steam before ebullition and vaporization commences. When the feed- 
water is heated to the necessary ebullition-temperature in the boiler, it is at 
the expense of fuel which should be utilised in generating steam. Eco- 
nomical evaporation, therefore, depends upon the temperature of the feed- 
water entering the boiler, and it is desirable to raise the temperature of the 
feed-water to as near that of > the steam as possible before it is delivered to 
the boiler. The heat necessary for heating the feed-water in a suitable 
waterrheater, may be obtained from heat escaping to waste either in the 
exhaust-steam or in the products of combustion, and a considerable saving; 
of fuel may be effected. ' ; ; 

UmwiMg Sffeotad by Heating Feed-water hy Sxhanet-eteam. — 
The heat required to raise the temperature of one pound of water froin o^ 
to 312^ Fahr. is 11 78 units, and if the temperatures of the feed-water l>e, 
say, 48° Fahr., the heat required to convert one pound of water to steam is; 
= 1K78, — 48 = 1130 units. If a feed-water heater, heated by exhauist- 
steam, be employed to raise the temperature of the feed-water to 200° Fahr;,; 
then, 1 1 78 — 200 =s 978 units are only required to convert one .pound of 
waten to steam at 212°, instead of 11 30 units; and a saving of 978 -h- 
1 130 = '865, or, say, 13 per cent, is effected by heating the feed-water; ' 
.The .greatest saving that, can be> effected by an exhaust-steam heater 
which raises the temperature of the feed-water from 32^ to 2i2^Fahrli8^ 

' = Mf?ft--4^= *^43» or> say, 15 per cent. 

, ^ ,.; . 1178 — 32 .'.-•.: 

'Bbl'in practice the temperature of the feed-water heated by thisf'fomi of' 
heater seldom averages more than 180^ Fahr. ; and the saving effected by' 
heating feed-water of. 48° Fahr. is generally = ' ."^ ; ..J 

ILT^JT- } ^ c^ •892,'or,*iDi round numbers, 10 per cent . ^ 
I170 -^ ' 4** 
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Qiuuititir of Staain ComdAnsed in Keatiiig 7aed-Wat«r hj \ 

— ^When feed-water is heated by discharging ezhaust-steam into it, the 
volume of the water is considerably increased by the water produced by 
condensing the steam. For instance, to heat loo lbs. of water from 33^ to 
ail** Fahr. with ezhaust-steam, requires 212° — 32** = 180° x 100 lbs. = 
18000 units of heat. To obtain this quantity of heat it is necessary to 
condense 18000 -^ 966^ = 18-63 lbs. of the steam, and the quantity of 
water will become 100 + i8'63 = 118-63 ^^s- 

The weight of steam condensed by mixing it with feed-water may be 
found by the following formula : — 

Let W = the weight of water in the feed-tank in lbs. 

T = the sensible heat of the steam, or the boiling-point of water 

and the condensing-point of steam under a given pressure. 
To = the ultimate temperature produced by the mixture of water and 

steam in degrees Fahr. 
/ s the temperature of the water used to condense the steam with. 
L = the latent heat of the steam. 
w = the weight of steam condensed in lbs. 

Then, the weight of steam condensed in heating the water is : — 

Wx(To^/) 
L + (t - Toj* 

Example : The exhaust-steam of a non-condensing engine is delivered 
into a feed-tank at a pressure of 2 lbs. per square inch above the pressure 
of the atmosphere. The tank contains 10 gallons of water at 62^ Fahr. 
The water is raised in temperature by the exhaust-3team to 182^ Fahr. 
Required the weight of steam condensed and added to the water ? 

Then, from Table 37, page 105, the boiling-point of water under a 
pressure of 2 lbs. per square inch above that of the atmosphere is =5 218^*6 
Fahr., and the latent heat of the steam is = 961 4. The weight of water 
to be heated is = 10 gallons x 10 lbs = 100 lbs , and 

100 X (182® — 62°) _ 12000 _ ,^.^, ,, ., „^:«,Uf ^f ^^^ ^« 

-2 r-/ — Qo-z 5-T = Q = i2'02 lbs , the weight of steam con- 

961-4 -h (2i8°-6 — 182) 998 

densed in heating the feed- water, and consequently the total weight of 
water in the tank is = 100 +12 = 112 lbs. 
Temporatnre of 7aed-Water Heated by Szhanst-Steaaa. — ^The 

temperature of the water produced by the mixture of water and steam in 
heating water by discharging exhaust-steam into it, may be found by the 
following formula : — 

Let L = the latent heat of the steam, from Table 37. 
T = the sensible heat of the steam. 
/ = the temperature of the water used to condense with. 
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C = the weight of water in lbs. used to condense each lb. of steam 

with, 
To =: the ultimate temperature produced bj the mixture of water and 
steam in degrees Fahr. 

Then the temperature of the mixture of water and steam is : — 

For instance, taking the data from the previous example, the weight of 
water used to condense each lb. of steam is = lOO lbs. of water -I- 12*02 
lbs. of exhaust steam = 8-319 lbs. 

Then, 96i'4 + (218-6 ~ 62) g^o ^ ^^^o pj^^r. the temperature 
8-319 + I 

restilting from the mixture of steam and water. 

The pressure of steam necessary to drive a non-condensing engine 
against its own friction and expel the exhaust-steam from the cylinder, is 
generally about 5 lbs. per square inch. The latent heat of steam of a 
pressure of 5 lbs. per square inch above the pressure of the atmosphere is 
= 955'3i and the temperature of the steam is = 227*2^ Fahr., which data 
may be taken for general calculations. 

When exhaust-steam is used in this manner for heating feed-water for 
steam-boilers, the cylinder of the engine should be lubricated only with 
good mineral oil, having a vaporising point veiy much higher than the 
temperature of the steam in the boiler, in order that the oil mixed with the 
feed-water may have no injurious effect on the boiler. 

Saving SfElBotod hy Keating 7aed-Wat#r lij Waste Tnel-Gaees. 
— When a feed-water heater is employed, which is heated by the products 
of combustion, the water can be raised to a much higher temperature than 
when heated by exhaust steam. 

The total heat required to convert water to steam varies with the temperature 
of the steam, but it is frequently convenient in estimating the saving effected 
by heating feed-water to take the temperature of evaporation in the boiler at 
212^ Fahr. On this basis, if a water-heater heated by the products of 
combustion raised the temperature of feed-water from 48° Fahr. to 330^ Fahr, 

a saving of "^ .^ ^^^ = 75 or -25 per cent, would be effected. 
1170 — 40 

Therefore 75 lbs. of coal would evaporate the same quantity of water 
heated to 330^ as 100 lbs. of coal with feed-water supplied at 48^ Fahr. 

Saving Effected by Keating Feed-Water te Yasioiui Tempera- 
toxee. — ^The saving effected by heating feed-water from 50^ Fahr. to 
various temperatures, and evaporating it in a steam-boiler at 212^ Fahr., is 
in rotmd numbers as follows :— 
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Table 75. — Saving Effected by Heating Feed-water when 
Evaporated at 21?° Fahr. 



Temperature of 


Saving when 


Tempenture of 


SaTingwKen 


Keed-w«ter entering 
tfaeBoUer. 


Evaporated at 
aia- Fahr. 


Feed-w«t« entering 
the Boiler. 


EnporMedat 
aHTFahr. 


Degree! Fahr. 


Per cent« ' 


Direct Fahr. 


Percent. 


106 


5 


270 


20 


130 


7 


280 


21 


150 


9 


290 


22 


160 


10 


.310 


23 


170 


II 


320 


24 


180 


12 


330 


*f 


199 


13 


340 


26 


200 ' 


14 


350 


27 


210 


15 


360 


28 


230 


16 


370 


29 


. 240 


^l 


: 380 


30 


250 


18 


39c 


31 


260 


.9, 


400 


3» 



In condensing engines, the feed- water is generally taken from the hot-well 
at about 100^ Fahr., and the saving effected by raising the temperature of 
the water from 50° to icx>° Fahr. is =s 1178 — 100 = 1078 -5- (1178 — 
50) = -955, or 4i per cent. 

The previous.method of calculating the saving effected by using hot feed- 
water as compared with cold water, is sufficiently accurate for most practical 
purposes. Where great accuracy is required, it is necessary to take the total 
heat of the steam corresponding to the required pressure, because the total 
heat varies slightly with the temperature at which the water is evaporated. 
The total heat of steam of the required pressure may be taken from 
Table 37, pages 105 — ^iii, but it is necessary to add 32 to the total heat 
there given, because the temperature of the feed-water is measured from 
zero of Fahrenheit scale. 

For instance, if the pressure of steam in a boiler, as shown by the steam- 
gauge is 100 lbs. per square inch, and the feed-water is raised in 
temperature from 50° to 280° Fahr. in passing through a heater heated by 
the products of combustion. 

Then, the total heat of steam of 100 lbs. per square inch pressure is from 
Table 37, = ii84'Q» and 1184*9 -h 32 = 1216*9 "^^^^ ^^ ^^at, reckon^ 



from iero of Fahrenheit scale, and i^v ^^ 

• I2i6*9 — 50° 



*8o, or the .saving 



eQect^d by using hot. instead of cold feed-water is ^o per cent, in this ca^. 
Ifhls result is one per cent, less than that given by the previous method of 
calculation. 
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F^ad-Water-Keatani JSeat^d by S9di|iiiiit-8teM»»-rA c6ilrw4t^rr 
heater is shown in Fig. 361. The. feed-water is forced J)y a pump; slowly 
through a coil-pipe, which is -enclosed in a cylindrical shell th^o^gh which 
the exhaust-steam from the engine passes. This form of heater is not yery 
effective, because the water passes so rapidly through the cqil ths^t it .cajinot 




Fig. a6i.— Feed-water-heater. 

be raised to the highest possible tempe- 
rature, and the pipes are liable to be- 
come choked with scale. A better 
arrangement is to force the water 
through the shell and pass steam through 
the coil. 

A horizontal water-heater is shown in 
Fig. 262. The feed-water is forced 
through a cylindrical shell containing a 
number of small tubes, through which 
the exhaust-steam from the engine 
passes. 

A vertical feed-water-heater is shown 
in Fig. 263. The feed-water is forced 
slowly through a cylindrical shell con- 
taining a number of small brass-tubes, ^f^ 
through which the exhaust-steam from 
the engine passes. The large capacity 
of the heater affords time during the 
passage of the water through it for the 
impurities to be deposited to a greater 



Fig. 263.— Vertical feed-water-h<ater. 
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or less degree, and the water maybe raised to from 170^10 207^Falir., 
according to the efficiency of th.e heater. 

The proportions of this feed-water-heater may generally be as follows :— 

The internal diameter of the cylindrical shell in inches should be at least 
= the diameter of the exhaust-pipe of the engine in inches multiplied by 4. 

The height from the bottom to the top of the heater may be = the 
diameter of the shell multiplied by 3 to 4. 

The total heating-surface in square feet may be = the indicated horse- 
power of the engine multiplied by 1*5 to 2. 

In heating water by exhaust-steam in a well-arranged heater, one square 
foot of heating-surface is sufficient for each three gallons of water forced 
through the heater per hour, but many heaters contain from i| to 2 times 
as great a proportion of heating-surface as this. 

Heat Transmitted by Watar-Kaatars. — The heat transmitted by 
the heating-surface of the heater may be found by the following formulae: — 

Let W = the weight in lbs. of the water heated. 

T :?: the temperature to which it is raised by the heater in degrees 

Fahr. 
/ = the temperature of the water to be heated. 
M = the number of minutes occupied in heating the water. 
H = the heating-surface of the heater in square feet. 

The heat-imits per hour per square foot of heating-surface is = 

W X (T - /) X 60 
M X H 

For instance, if 63 gallons or 63 x 10 = 630 lbs. of water, at 53° Fahr. 
are raised to 188° Fahr. in ten minutes, by steam entering the heater at a 
pressure of 5 lbs. per square inch, or a temperature of 227-2° Fahr., 
and the heating-surface of heater is 20 square feet. 

The heat-units transmitted are = 63olbs.x (188-53) x 60 minutes ^ 

10 mmutes x 20 square feet 

25515 units per square foot of heating-surface per hour. 

The mean temperature of the water is =(53 + i88)-f-2= 120* 5® Fahr., 
and the difference of temperature between that and the steam is = 227*2 — 
120*5 = 1067, and the heat transmitted per hour per square foot per 
degree of difference of temperature is = 25515 -h 1067 = 239 units. 

Fuel-Economisers. — An economiser is a water-heater formed of pipes, 
placed in the main flue between the boiler and the chimney for the purpose 
of economising fuel by utilizing, in heating the feed-water, a portion of the 
heat of the products of combustion which would otherwise escape to waste 
up the chinmey. 

It is more economical to employ an economiser than to increase the 
length of a Lancashire boiler beyond that equal to four times the diameter 
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of the boiler, with the object of providing a greater area of absorbing- 
surface for the fuel-gases to traverse. Because, the pipes of the economiser 
being maintained free from soot by self-acting scrapers are much more 
efficient in absorbing heat than the back-end of the boiler, as its heating- 
surfaces are covered with a non-conducting coating of soot. Again, there 
is too small a range of temperature, or difference between the temperature 
of the boiler and that of the escaping fuel-gases, to permit the absorption of 
much heat by the plates of the back-end of the boiler. But in heating 
feed-water taken from the hot-well at a temperature of about ioo° Fahr., 
there is a great difference between the temperature of the feed-water and 
that of the products of combustion, and a considerable quantity of heat is 
available for absorption by the heating-surfaces of the economiser. 

The efficiency of the economiser depends greatly upon the efficiency of 
the apparatus employed for maintaining the outside of the pipes free from 
soot, and upon the inside of the pipes being kept clean and free from scale 
and mud. 

The economiser, sho^n in Fig. 264, consists of a number of vertical pipes 
of 4 inches diameter and 9 feet long, connected at the top and bottom by 
cross-tubes, termed boxes. These boxes are connected by top and bottom 
branch-pipes, placed lengthways on opposite sides of the economiser, and on 
the outside of the brickwork with which it is encased. The feed- water is 
pumped into the economiser at the lower branch-pipe nearest the point of 
exit of the fuel-gases, and emerges from the upper branch-pipe nearest the 
point where the fuel-gases enter. 

The velocity of the water through the economiser is from | to i inch 
per minute, according to its sectional area. It is frequently J inch per 
minute. 

Pzoportions of Eoonomiseni. — ^The number of pipes of the econo- 
miser, shown in Fig. 264, required for a Lancashire boiler is determined 
by the area of its fire-grate. The economiser should consist of 2J 
pipes for each square foot of fire-grate surface of the boiler. The water 
contents of the economiser per pipe is about 7 gallons, or = 7 x 10 = 
70 lbs. 

For instance: — A Lancashire boiler with a fire-grate surface of 32 
square feet, should have an economiser with 32 x 2*5 = 80 pipes; the 
water contents of which is about 80 x 7 = 560 gallons, or 560 x 10 = 
5600 lbs. 

It is customary to consider the whole surface of the pipes as effective 
heating-surface, and that each pipe contains 9 square feet of heating- 
surface. Therefore the total heating-surface of an economiser of 80 
pipes is = 80 X 9 = 720 square feet. 

The temperature of the. feed-water on leaving the economiser is from 
230° to 350° Fahr., according to the temperature of the products of com- 
bustion. A considerable saving of fuel is therefore effected by the employ- 
ment of an economiser. 
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Test of an Soonomiser. — The results of a test of an economiser is given 
in the following table : — 

Table 76. — Result of a Test of Steam-Boilers Working With and 
Without a Green's Economiser. 



ParticuUnofTest. 



Boilers work- 
ing with the 
Economiser. 



Duration of Test .... in Hours 

Weight of coal consumed in pounds 

Working pressure of steam by the steam-gauge, in 
pounds per square inch 

Temperature of the feed-water entering the Econo- 
miser in degrees Fahr 

Temperature of feed-water entering the Boilers, 
degrees Fahr 

Number of degrees the feed- water was heated by the 
Economiser 

Temperature of the fuel-gases entering the Econo- 
miser in degrees Fahr 

Temperature of the fuel-gases entering the chimney 
in degrees Fahr 

Number of degrees the fuel-gases were cooled by 
the Economiser 

Water evaporated per pound of coal from and at 
212° Fahr 

Saving effected by using the Economiser, per cent. 



Hi 

7856 

58 
88 
225 

137 

618 

365 

253 

10*613 
289 



Boilers worlc 
ing withoat 

the 
Economiser. 



Hi 

10282 



57 



85 



645 



8-235 



AdTaatages of Fead-Watar-Keatiiig. — Numerous other advantages 
may be gained by the use of a feed-water heater besides economy af fuel. 
With an intermittent supply of cold feed-water, the water in the boiler is 
continually alternating in temperature, resulting in alternate expansion and 
contraction, which seriously strain the structure and frequently cause leaking 
joints. By heating the feed-water, the temperature throughout the boiler is 
rendered more uniform, and the effects of unequal expansion and contrac- 
tion are greatly reduced, resulting in increased durability of the boiler. 
Air, grease, impurities, and scale-forming matter, are, to a greater or less 
extent, released from the water and collected in the heater. These sub- 
stances would othen^•ise pass into the boiler and produce deleterious 
effects. A cold feed-supply produces so many evil effects that it is 
barbarous treatment of a steam-boiler to feed it with cold water. 

Sraporators for Froducing Fresh-water from Sea-water. — 
Evaporators for evaporating sea- water for auxiliary feed- water for Hiarine- 
boilers are small steam-boilers, in which the heat necessary for evaporating 
the water is supplied by condensing steam in rows or coils of tubes forming 
the heating surface of the evaporator. 

S.B.C. z 
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The area of the heating-surface of coils of copper-tube necessary for 
evaporating sea-water in an evaporator may be found approximately by the 
following Rule: — 

Square foot of surface of copper-coil required Tor each gallon of sea- 
water evaporated per hour = 

i'4_ 

y Absolute pressure of steam in the coils' 

For instance, if the coils of copper-pipe of an evaporator be heated by 
steam of icx) lbs. per square inch absolute pressure, then, i'4 — ^loo = 




Fig. 265. — Morison's sea-water evaporator. 



Fig. a66.— Water-heater. 



•14 square foot of coil is required for each gallon of sea-water to be 
evaporated per hour. This is the minimum area of heating-surface that 
should be provided. The feed-supply may be as given at page 323. 

There are numerous forms of evaporators, two of which may be briefly 
described as follows : — 

Morison's Evaporater. — This apparatus consists of an evaporator 
combined with a feed-water heater, as shown in Figs. 265 and 266. The 
sea-water is pumped into a cylindrical vessel, placed over a box-shaped 
casting, on which are fixed a number of heating-coils of solid-drawn 
copper-pipe. The heating-coils are arranged in pairs ; the steam from the 
boiler passes up through one set A, and down through the other set B, the 
condensation-water falling into a receiver formed in the bottom casting. 
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The steam generated in the evaporator is discharged into the water-heater, 
and is utilized in heating the feed-water. All the available heat is, there- 
fore, utilized, except that lost by radiation from surface of the evaporator. 
Tlie steam and the condensation-water pass from the evaporator through 
the pipe C to the heater. The feed-water enters the heater at D, and 
mingles with the steam entering at £, becomes heated, and flows out at F, 
and is pumped into the boilers. The evaporator is filled with a steam- 
gauge, water-gauge, and safety-valve. 

The results of experiments with this evaporator when evaporating sea- 
water against an absolute pressure of i8 lbs. per square inch are given in 
the following Table : — 

Tx\BLE 'j'j. — Results of Experiments with Morison's Evaporator. 



Absolute pressure of steam in the 
coils in lbs. per square inch . 

Area of coil-surface in square feet 
provided for each gallon of sea- 
water evaporated per hour 

Sea-water evaporated in gallons 
per square foot of coil-surface 
per hour .... 



35 I 



•271 



365 



45 


55 


65 


75 


•210 


■»75 


'154 


•139 


476 


571 


6-53 


719 



The steam for the coils is generally taken from the steam-pipe of the 
steering-engine, so that fresh-water may be produced when in port, but it 
may be taken from the steam -chest of the intermediate cylinder of 9 
triple-expansion engine. 

Weir's Sraporator. — This evaporator, shown in Fig. 267, consists of 
a cylindrical shell, having heating-surfaces composed of a number of 
U-shaped tubes having contracted outlet-ends. Any steam which passes 
through the small holes in the contracted ends, is condensed in a tube, 
which returns through the evaporator and carries off the water of con- 
densation to the hot-well. By this means there is a lower pressure at the 
outlet-ends, and a constant current is maintained through all the tubes, 
which prevents the accumulation of sur and water. Steam for heating the 
evaporator is generally taken from the intermediate receiver of triple- 
expansion engines, and steam generated in the evaporator is discharged to 
the low-pressure receiver. 

A number of experiments were made by Mr. Lang with a Weir's 
Evaporator, consisting of a cylindrical shell 3 feet diameter, and 4 feet 
3 inches long. The heating-surface was composed of 12 solid-drawn 
copper tubes, i J inches external diameter, and 10 B.W.G., or -134 inch, 
thick, having a total heating-surface of 38 square feet, which was reduced 
to 2 1 '95 square feet in some of the experiments. The results of some of 
the experiments are given in the following Table : — 

z 2 
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Table 78. — Results of Experiments with Weir's Evaporator. 



Heating-surface of tubes 
in square feet 

Absolute pressure of steam 
in lbs. per square inch . 

Temperature of steam in 
the tubes in degrees 
Fahr 

Temperature of steam in 
the shell of the heater 
in degrees Fahr. . 

Weight of water from 
.steam condensed in the 
tubes in lbs. . . . 

Time occupied, in minutes 
and seconds 

Steam condensed in the 
tubes per hour in lbs. . 

Latent heat of steam in 
the shell of heater . . 

Units of heat given up by 
I lb. of steam 

Units of heat transmitted 
per square foot of heat- 
ing surface per hour . 

Water evaporated per 
square foot of heating- 
surface per hour in lbs. 

Units of heat transmitted 
per square foot of heat- 
ing surface per hour per 
I degree Fahr. differ- 
ence of temperature 

Water evaporated per 
square foot of heating- 
surface per hour per i 
degree Fahr. difference 
of temperature 



38 
50 

281 
2311 



21-95 
80 

312 

2342 



112 


56 


3m.8^s. 


im.32js. 


21389 


2185-36 


949"9 


949"9 


930-4 


927-5 


52343 


92341 


55-10 


97-21 


1092 


1187 


1-146 


1-249 



21-95 
105 

33i'3 

2559 

56 



21-95 
135 



21-95 
165 



350-1 366 



254-4 259-3 



112 



56 



im.33s. 2m. los. , im.3Js, 



21677 

934 
919-6 

90816 
9723 

1204 



3101-5 
937'9 



3174-8 
931-6 



Q07-4 I 903-2 



I282I4 130637 



135-33 



1286 



1-289 ] 1357 



14023 



I 



1224 



I'3I4 



The heat transmitted and the water evaporated per square foot of 
heating-surface per hour given in the above Table are calculated by the 
following formulae : — 

Let Q = the quantity of steam condensed in the tubes in lbs. per hour. 
S = the total heating-surface of the evaporator in square feet. 
H = the number of units of heat given up by each lb. of steam 

condensed in the tubes of the evaporator. 
T = the temperature of the steam in the tubes of the e\'aporator in 

degrees Fahr. 
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Ut 



t = the temperature of the steam in the shell of the evaporator in' 

degrees Fahr. 
L = the latent heat of the steam in the shell of the evaporator. 

Then, the units of heat transmitted per square foot of heating-surface- 
per hour are = 

QxH 

S ' 

The water evaporated per square foot of heating-surface per hour in 153.^ 
is = 

QxH 




Fig. 267.— Weir's sea^vrater evaporator. 



The units of heat transmitted per square foot of heating-surface per hour 
for \ degree Fahr. difference of temperature are = 

QxH 

Sx(T-/)' 

The water evaporated per square foot of heating-surface per hour in lbs, 
for I degree Fahr. difference of temperature is = 

QxH 
SxLx(T-/)' 

In one of the experiments with this evaporator 1334 imits of heat were>^ 
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transmitted per square foot of heating-surface per hour for i degree Fahr. 
difference of temperature between the tubes and the shell of the evaporator. 

Blowing-off the Water from Steam-Boilenu — Boilers should not 
be blown-off while hot, because, rapid cooling causes sudden contraction, 
which may result in cracked or ruptured plates and stays. It is also 
detrimental in causing mud and scale to become baked on the heating- 
surfaces. 

When it is necessary to cool a boiler quickly, the steam should be blown 
off, and the boiler filled with water, the blow-off cock should then be 
opened and cold water allowed to run in as fast as the hot water runs out, 
until the temperature of the boiler is reduced to about that of the 
atmosphere. 

Boilers set in brick-work should not be emptied while the brick-work 
is hot. 

Blowing-off should be frequently practised in boilers using feed-water 
producing deposits of either mud or scale. 

Ksrdranlic-Piimp for Tasting Steun-Boilera. — ^A hydraulic-test- 
pump is shown in section in Fig. 268. It is of gun-metal, fitted on the top 
of a cast-iron tank on wheels; the tank is 26 inches long, 16^ inches 
wide, and 15 inches deep. The barrel of the pump is 2| inches internal 
diameter, and | inch thick. I'he suction-pipe is f inch internal diameter, 
and the delivery-pipe is \ inch internal diameter. The ram of the pump 
is 2 inches diameter, and its stufiing-box is packed with leather-washers of 
the usual hydraulic form. The pump is fitted with a pressure-gauge, 
safety-valve with lever and weight, and with a suction-valve, delivery-valve, 
and release-valve. It is worked by a lever with socket-handle, attached to 
a cast-iron guide-standard. 

Ksrdranlic Test for Steam-Boileni. — The hydraulic test is useful for 
ascertaining the tightness of seams, and for revealing indications of weak- 
ness, structural defects, and the bulging or movement under pressure of 
oval tubes and flat surfaces. The test-pressure should not be less than one- 
and-a-half times the working pressure, which is sufficient for the above 
purposes, and it should in no case exceed twice the working pressure, 
otherwise the materials may be overstrained and permanently injured. In 
testing a new boiler all the mountings should be fixed, and no blank-flanges 
should be used. The hydraulic pressure should remain on at least fifteen 
minutes without sign of leakage. 

In applying the hydraulic test to old boilers, care should be taken to 
avoid the application of an unduly high pressure, as it may either create 
defects where none previously existed, or so much overstrain a weak part 
as to cause permanent injur}', and also aggravate existing defects and 
contribute to the ultimate failure of the boiler. Careful observations should 
be made of the behaviour of the furnace-tube and fiat-surfaces under the 
test-pressure, to prevent overstraining and starting of a depression or bulge in 
the plates. 
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Cold-water pressure is a very severe test for a boiler, and may cau^e 
leaks from joints which would be perfectly tight under an equal pressure of 
steam. Hot-water pressure is preferable to cold, as it gives proper expan- 




Flg. a68. — Hydraulic-puinp for testing boileis. 

sion to all the parts, and the boiler is strained approximately in the same 
maimer as under ordinary working conditions, excepting strains from 
unequal expansion. Hot water creeps through very minute crevices and 
searches a joint thoroughly, it also exposes a leak more rjeadily than, steam 



344 STEAM-BOILER CONSTRUCTION. 

A test-pressare of this kind reaches every part and exposes defects which, 
throngh position or inadvertence, might escape observation. 

Bot a saccessfol hjdranlic test does not afford conclusive evidence of 
the strength or safety of a boiler. It mtist be preceded by a consideration 
of the particular construction of the boiler, and a careful examination of 
its condition both internally and externally, before a fair estimation can be 
formed of its strength and safety. 

Zacp^otiag aadTMtlBg Steam-Boilers. — ^As it is impossible to deter- 
mine by inspection the quality of the plates of a steam-boiler, an examination 
is confined to the ascertaiimient of the state or general condition of a boiler, 
and the excellence of its design. The boiler should be carefully examined 
externally for wasting from corrosion and leaks, and thdr location recorded 
All internal seams should be carefully examined and the effects of corro- 
sion or pitting noted. All the stays should be examined and tested by 
light blows of a hammer to reveal by sound if they are cracked or broken. 
After thorough examinatibn externally and internally, the boiler should 
be subjected to a careful test by hot water at a temperature of from i8o to 
3o8 degrees Fahr., and at a pressure which exceeds the working-pressure 
by 50 per cent. 

The pressure should be applied after the boiler has had time to become 
suffidently warm to produce uniform expansion of the plates. While this 
pressure is on, all exposed surfaces of the boiler should be tested with light 
blows of a hammer, and all flat stayed surfaces proved with a straight 
edge, and any change of form which would indicate weakness in design 
or material, and also defects of workmanship, should be marked and 
recorded. 

Fire-box stud-stays, or other stud-stays, may have a hole | inch diameter, 
and deep enough to bring it a little way into the water space, drilled in 
them from the outside, any stag's which leak under this test should be 
replaced by new ones. The stays generally break on the inside of the fire- 
box-shell, consequently it is not necessary to drill the stays from the inside 
of the fire-box. Stays drilled in this manner should be left afterwards with 
the holes open, and not plugged. 

When the test-pressure is removed, permanent set, or alteration of shape 
produced, should be noted, and search made for indications of weakness 
developed, or of undue strain having been thrown on individual members cl 
the structure during the test. 

A boiler should be inspected and tested in this manner periodically, say, 
once a year for the first three years of its life, and every six months there- 
after. Efficient periodical inspections and tests are necessary for the safe 
working of steam-boilers. By this means defects and deterioration maybe 
observed which would otherwise escape notice, and might lead to accident 
or cause explosion. 

When a boiler is set in brick-work, proper inspection cannot be made 
unless that portion of the brickm^ork in contact with the plates be removed. 
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It is important that these parts be seen at every examination, as they are 
liable to secrete corrosion. The covers of the manhole and mudhole, and 
the fire-bars ^nd fire-bridge should also be removed, and the damper should 
be tightly closed to stop the draught, so that the inspector may work com- 
fortably by candle-light. It is essential to a proper examination that every 
part of the boiler shall be clean. 

Method of Testing the EyaporatiTe Perfomuuioe of a Steam* 
Boiler. — The object of testing a steam-boiler should be to determine its 



Fig. 369.— Method of determining the wmter-consumption in the evaporative test of a »team boiler. 

evaporative efficiency under ordinary' working conditions, and not under 
conditions differing widely from those obtained in practical working. 

In conducting an evaporative test, it is necessary to have facilities for 
accurately determining the consumption of coal and water by the boiler. 
The consumption of <;:oal may be determined by stoking the fire from 
weighed heaps of coal. It is convenient to provide the coal-supply for the 
test in sacks, each containing exactly 100 lbs. weight. 

The consumption of water may be ascertained by either measuring or 
weighing the feed-water, the latter being the most reliable method. The 
measurement of the feed-water may be readily effected by a calibrated 
feed-tank. 
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To determine the water-consumption by weighing the feed-water, a tank 
should be placed upon a weighing machine, as shown in the arrangement 
for testing a boiler in Fig. 269. The suction-pipe of the feed-pump is con- 
nected to the tank by a short piece of flexible, or india-rubber, tube. The 
tank may, for convenience of calculation, be filled with an even number of 
pounds of water, say 600, and when the pump starts forcing feed-water into 
the boiler, it should continue to work until exactly 500 pounds of water have 
been taken from the tank, when the cock on the suction-pipe should be 
closed, and the tank refilled with exactly the same quantity of water ready 
for* the next feeding of the boiler. This method of feeding should be 
continued during the test. 

For large boilers two or more feed-tanks on weighing machines are 
necessaiy, the use of which permits the water to be supplied continuously 
to the boiler, which is an advantage. 

In order that the quantity of water pumped into the boiler may 
accurately represent the quantity of water evaporated during the test, it is 
necessary that the water-level in the boiler and the pressure of the steam 
be precisely the same at the end as at the beginning of the test. 

A chemical analysis of the coal should be made, and its calorific value 
determined by calculation and by experiment with a calorimeter. 

Preparatory to starting the evaporative test of a steam-boiler, the steam 
should be raised to the required working-pressure. The fire should then be 
quickly removed from the grate, the damper closed, the ash-pit cleaned and 
the height of the water-level and pressure of the steam noted. Then com- 
mence the test by re-lighting the fire with known weights of coal and wood. 
Stoke the fire from weighed heaps of coal, charge into the furnace all 
cinders that fall into the ash-pit, and adopt the same manner of firing as 
employed under the ordinary working conditions of the boiler. Regulate 
the draught by the damper so as to maintain a nearly uniform pressure of 
steam, without permitting waste of steam by the safety-valve blowing off. 
The boiler should be worked continuously without stopping at meal-times. 
The temperatures of the atmosphere, the feed-water, and the products of 
combustion, should be frequently taken, and the mean of each during the 
test should be determined at the end of the test. At the close of the test 
the fire should be removed from the grate, and the unbumt fuel weighed 
and deducted from the quantity of coal fired during the test. The height 
of the water-level and the pressure of the steam should be the same at the 
close as at the beginning of the test. 

When a steam-boiler is tested under ordinary working conditions, and it is 
not convenient to stop the engine while the fire is withdrawn and re-lighted, it 
is necessary to obtain the same condition of fire at the end as at the beginning 
oi the test. This may be obtained by allowing the fire to bum down until 
the pressure of the steam falls a few pounds below the required working- 
pressure. Then commence the test by stoking the fire with weighed coal. 
At the end of the test, the fire should be allowed to bum down until the 
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working-pressure of the steam falls to the same point as at the commence- 
ment of the test. 

Another method of treating the fire, is to allow it to burn down until 
ready for stoking, clear out the ashes and clinkers, and note the condition 
and level of the fire. At the end of the test the fire should be permitted. to 
bum down to the same condition as at the beginning of the test. 

CalonlatioM Belating to Boiler-Tests. — The evaporation is fre- 
quendy estimated per pound of constituent carbon of the coal. In some 
cases a sample of the coal is dried in an oven, and the evaporation is 
estimated per pound of dry coal, but this is not necessary when it is desired 
to ascertain the evaporation under ordinary working conditions. The 
method of computing the various data usually tabulated in testing a steam- 
boiler may be illustrated by the following Example : — 

In the trial of a boiler of locomotive type of a portable-engine, with 
one cylinder, of 8 nominal horse-power, 3249 lbs. of water were evaporated 
during a run of 6 hours, with a coal-consumption of 342 lbs., the engine 
developing 19 indicated horse-power. Heating-surface of boiler 170 
square feet; area of fire-grate surface 5J square feet; working-pressure of 
steam by the steam-gauge 76 lbs. per square inch ; temperature of the feed- 
water 60° Fahr. ; calorific power of the coal 14800 units per lb. of coal. 

Then, the coal-consumption per hour is = 342 lbs. -r- 6 hours =57 lbs. 
per hour ; or = 57 lbs. -f- 5*25 square feet = 10857 lbs. of coal consumed 
per square foot of fire-grate surface per hour ; and = 57 lbs. -f- 170 square 
feet = '335 lb. of coal consumed per square foot of heating-surface per 
hour. 

The clinker and ashes weighed 22 lbs., or (22lbs. x 100) -^ 342 lbs. of 
coal = 6*43 per cent, of the quantity of coal consumed. 

The water-consumption was 3249 lbs., or = 3249 -f- 10 = 324*9 
gallons. 

The water evaporated was = 3249 -7- 6 hours = 541*5 lbs. per hour, or 
541*5 -j- 10 = 54*15 gallons per hour: or = 541*5 -r- 5*25 square feet = 
103*14 lbs. per square foot of fire-grate surface per hour, and = 103*14 -r- 
10= 10*314 gallons per square foot of fire-grate surface per hour. The 
water evaporated per square foot of heating-surface was = 541*5 -7- 170 
square feet = 3*185 lbs. per hour, and = 3*185 4- 10 = *3i85 gallon per 
hour. 

The water evaporated from feed-water at a temperature of 60° Fahr. wias 
= 3249 lbs. of water -^ 342 lbs. of coal =95 lbs. for each lb. of coal 
consumed. 

The total he it pf steam of a pressure of 76 lbs., per square inch is, frpm 
Table 37, page 106, = 1179*9 units. The factor of evaporation is = 
(1179*9 + 32^) "" ^o^ ^^ temperature of the feed-^-ater, = 1151*9 -?- 
966 =1*192, and 9*5 lbs. of water x 1192 = 11*324 lbs., the equivalent 
weight of water evaporated from and at 212^ Fahr. ^ 

The heat evolved by combustion was = 342 lbs. of coal x i i'324 lbs. of 
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water x 966 units per lb. = 3741 133 units. The eflSciency of a boiler 
is: — 

Efficiency = heat utilked_ 
heat apphed 

The calorific power of the coal is = 14800 units per lb., therefore the 
efficiency of this boiler is = 

3741^33 units of heat ^ .1. ^ . 

il~f~L.f'^ ..Q u. = 74, or 74 per cent., that is, presuming 



342 lbs. of coal X 14800 units 

all the water to have been evaporated and none was carried from the boiler 
with the steam from priming. 

This engine developed during the test 19 indicated horse-power, therefore 
the consumpdon of coal was =57 lbs. of coal consumed per hour -i- 19 = 
3 lbs. of coal per indicated horse-power per hour. The actual horse-power 
of this boiler, if estimated by the rule for the power of boilers for simple 
engines on page 163, is = 541*5 lbs. of water evaporated per hour x i'i92, 
the factor of evaporation = 645*46 lbs. of water -^ 34*5 lbs. of water per 
horse-power =187 horse-power, or nearly the same as that developed in 
this test. 

The temperature of the atmosphere was 64° Fahr. 

The mean temperature of the products of combustion in the smoke-box 
was 392° Fahr. 

The weight of air used for combustion, calculated from the analysis of 
the fuel-gases, was 23*65 lbs. per lb. of coal = 23*65 -h i = 24*65 lbs. of 
gases per lb. of coal. The heat carried away by the gases is = 392° — 64 
=328° X 24*65 lbs. X '238 specific heat = 1924 units; or = (1924 x 
100) -7- 14800 units, the calorific value of the coal, = 13 per cent, of the 
total heat developed by combustion. 

These data are collected and arranged in the following Table : — 

Table 79. — Results of a Trial of the Boiler of a Portable Engine 
OF Eight Nominal Horse-power. 



Heating-surface of boiler . in square feet 

Area of fire-grate surface in square feet 

Air-spaces of fire-grate in square feet 

Ratio of fire-grate surface to heating surface . . , ] 

Duration of trial hours 

Designation of coal 

Calorific value of i lb. of coal . . .in thermal units 
Weight of coal consumed during the test . . in lbs. 
Weight of coal consumed per hour . .in lbs. 
Weight of coal consumed per square foot of fire-grate per 
hour • in lbs. 
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Table 79 continued, — Results of a Trial of the Boiler of a Portable 
Engine of Eight Nominal Horse-power. 



Weight of coal consumed per square foot of heating-surface 

per hour in lbs. 

Weight of clinker and ash in lbs. 

Weight of clinker and ash in parts of coal consumed, per cent. 
Pressure of steam, average during the test, in lbs. per 



square inch 
in degrees Fahr. 
in degrees Fahr. 
in degrees Fahr. 



Temperature of the atmosphere 

Mean temperature in the smoke-box . 

Temperature of feed-water . 

Weight of water fed into the boiler during the test . in lbs 

Quantity of water fed into the boiler during the test, in gals. 

Water evaporated per hour in lbs. 

Water evaporated per hour .... in gallons 
Water evaporated per square foot of fire-grate surface per 

hour in lbs. 

Water evaporated per square foot of fire-grate surface per 

hour ' . in gallons 

Water evaporated per square foot of heating-surface per hour, 

in lbs. 
Water evaporated per square foot of heating-surface per hour, 

in gallons. 
Water evaporated from feed-water at 60° . per lb. of coal 
Equivalent evaporation from and at 212^ Fahr., per lb. of coal 

Factor of evaporation 

Efficiency of boiler per cent. 

Power developed by the engine during the test, indicated 

horse-power 
Power of the boiler, estimated by calculation, indicated 

horse-power 
Coal consumed per hour per indicated horse-power, 

developed by the engine in lbs. 

Heat carried away by the products of combustion, per cent. 



'335 
22 

643 

76 
64° 

3249 
324-9 
541-5 
54-15 

10314 
10-314 
3-185 
•3185 

9*5 

11-324 
1-192 
74 

19 

18-7 

3*0 
13 



Balancs Shbbt showing thb Distribution op the Hbat. 



Heat Developed per Pound of CoaL 

Calorific value of i lb. of 



I 



coal 



Units. 
14800 



Heat Expended per Pound of Coal. 

Heat expended in evaporat- 
ing the water in the boiler 
= 14800 X '74 . 

Heat carried away by the 
products of combustion 
= 14800 X -13 . = 

Heat lost by imperfect com 
bustion, radiation, and 
other sources = 13 per 
cent. = 14800 X -13 = 



Units. 



= 10952 



= 1924 



14800 



Total units 



1924, 
14800 



3SO 
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Brynesfl of Steam in Boiler-Tests. — The quantity of water carried 
with the steam varies considerably in different kinds of boilers. 

When steam is generated in boilers which generally produce steam con- 
taining so little moisture as to be in a practically dry state, it is seldom 
necessary to test the dryness of the steam. But where great accuracy is 

required, or when steam is generated 
in types of boilers liable to produce 
moist steam, the quality of the steam 
should be tested by a calorimeter. 

Calorimeter for Determining the 
Quantity of Moisture in Steam.— 
Steam taken from steam-boilers is never 
perfectly dry, but always contains more 
or less moisture, carried with it in the 
form of spray from the boiler. If the 
weight of water necessar}' for the con- 
densation of a given weight of steam, 
and the range of temperature through 
which it is raised in the operation, be 
known, the quantity of the moisture in 
the steam may be readily calculated. 
The apparatus used for the purpose is 
termed a calorimeter. 

A simple and efficient form of calori- 
meter, consists of a barrel placed upon 
a weighing machine as shown in Fig. 
270. The barrel has a cover through 
which a rod is passed, having a disc at 
the end, for the purpose of stirring the 
mixture of water and steam to obtain a uniform temperature. Steam from 
the main steam-pipe is admitted through a pipe fitted with a rose at the 
bottom-end, placed a little above the bottom of the barrel, to permit tranquil 
discharge of the steam into the water. 

The steam-pipe is provided with a branch, or waste-pipe, for the purpose 
of discharging steam to waste for a few minutes, in order to heat the pipe, 
and obtain steam free from water of condensation before steam is admitted 
to the calorimeter. When the barrel and pipes are fixed in position, they 
are thickly clothed with felt to prevent loss of heat by radiation. 

The steam-pipe of the calorimeter should project a little into the main 
steam-pipe, in order to avoid drawing off water of condensation and water 
carried with the steam along the surface of the pipe. 

In using the calorimeter, a certain weight of cold water, of say not less than 
80 lbs., is poured into the barrel and the temperature of the water is noted. 
Steam is then discharged through the waste-pipe until the pipe is properly 
he.iteil, and the sleam appears to be free from water of condensation. 




Fig. 970 - 



-C-ilorinieter for testing the dr>'ness 
of steam. 
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The cock on the waste-pipe is then closed, steam is admitted to the calori- 
meter, and when 4 lbs. of steam are added to the water, the steam is turned 
off. The water is mixed with the stirring-rod and its final temperature noted. 

With the data thus obtained, the quality of the steam may be deter- 
mined by the following formulae : — 

I^t T = the final temperature of the mixture of steam and water in de- 
grees Fahr. 
/ = the initial temperature of the cooling water. 

\V = the weight of cooling water in lbs. 

w = the weight of steam in lbs. mixed with the water. 

L = the latent heat of steam of the given pressure. 

H = the sensible heat of the steam, or the boiling point of water and 
the condensing-point of steam under a given pressure. 

D = the weight of dry steam contained in the number of lbs. of 
steam as supplied from the boiler and discharged into the 
calorimeter. 
Then D = K T - /) x W] - [(H - T) x w] 

The percentage, p, of dry steam contained in i lb. of steam from the 
boiler is = 

. D X 100 
/=— N 

in which N = the number of lbs. of steam mixed with the water in the 
calorimeter. 

Example : In a calorimeter containing 80 lbs. of water at a temperature 
of 56° Fahr., 4 lbs. of steam of a pressure of 76 lbs. per square inch by the 
steam-gauge were discharged, which resulted in raising the temperature of 
the water to no® Fahr. Required the percentage of dry steam contained 
in the steam as supplied by the boiler, and also the percentage of moisture 
or water carried from the boiler with the steam ? 

Then, the boiling point of water under steam of 76 lbs. per square inch 
pressure is, from Table 37, page 106, = 3206° Fahr., and the latent heat 
of the steam is = 888-9 units. 

The weight of dry steam contained in the steam as supplied by the 
boiler is, = 

[d 10° - 56®) X 80 lb s.] - [(320°- 6 - 110°) X 4 lbs.] 4320 - 842-4 

8~88-9' " ■■ 888-9 " 

3-91 lbs. of dry steam, the steam therefore contains 4 lbs. — 3-91 lbs, = 
•09 lb. of water. 

The weight of dry steam contained in i lb. of the steam as supplied by 
the boiler is = 
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The percentage of moisture carried with the steam from the boiler in the 
form of spray is =ioo — 9775 = 2*25 per cent. 

In practice the quantity of moisture in steam generally averages from i to 
4 per cent. It is however frequently more, and is generally considerable in 
boilers in which steam is generated in confined spaces and free circulation is 
not obtained. The quantity of water carried with the steam from the boiler, 
as determined by a calorimeter, should be deducted from the quantity of 
water apparently evaporated in the test of a boiler. 

For instance, if the percentage of moisture in steam be 4 per cent., and 
20,000 lbs. of water were apparently evaporated by the boiler, then 20,000 
X '04 = 800 lbs. of water were carried from the boiler unevaporated, and 
the quantity of water actually evaporated is only, 20,000 — 800= 192,000 lbs. 

The quantity of water carried with the steam was in some boiler-tests as 
follows : — 

lbs. per square inch. per ont 

Lancashire boiler, working pre^sure . 78 Water in the :team . 1*56 
Cornish boiler „ „ 70 „ „ 2*38 

Multitubular boiler „ „ 92 „ „ 2*87 

Water-tube boiler „ „ 83 „ „ 3*46 

The boilers were worked at less than their full capacity. 
Eyaporation per square fk>ot of Seatiag-Siirfaee of Boilm of 
^liferent Types. — The evaporative power of different t}'pes of boilers, 
measured in lbs. of water evaporated per square foot of heating-surface per 
hour, varies considerably. The weight of water that may be evaporated 
from and at 212° Fahr. per hour per square foot of total heating-suriface of 
boilers of different types, of average proportions, has been found by 
careful tests to be as follows: — 

Locomotive boilers . . • 1 3 ' Lancashire boilers • . . 6 



Portable-engine boilers of loco- 
motive type . . . • 10 
Marine return-tube boilers , 9 



Cornish boilers 

Water-tube boilers of various 
t)7)es, maximum average of 



This is the maximum evaporation obtainable in a general way with each 
type of boiler when fired with good coal and having ordinary draught, that 
is, natural draught in all except the locomotive and portable boilers which 
have steam-blast in the chimney. 

EyaporatiTe Tests of Steam Boilers of Various Types. — ^The 
evaporative power of a boiler varies with the quality of the coal, the strength 
of the draught, and the efficiency of the combustion. The results of a 
number of carefully conducted evaporative tests of modem steam-boilers of 
different tjpes are given in the following Tables, as representative examples 
of their efficiency. The evaporative performances of these boilers show 
the results which may generally be obtained in practice with boilers having 
tolerably clean heating-surfaces, when fired with good coal. The tests were 
made with ordinary hand-firing, and with draught of the strength usually 
obtained with each type of boiler under ordinary working conditions. 
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Table 8o. — Results of a Number of Evaporative Tests of Gallo- 
way, Lancashire, and Cornish Boilers. 



Sin of Boiler. 








CoalCon- 


Water Eva- 






Ana of 


Total Heat- 




suaied per 

souare foot 

of Fire-grate 


porated per 


Diameter 


Length 


Fire-gnte 
in Soiian 


ing Surface 
in Square 


Description of Coal used. 


Pound of 
Coal from 


in 
Ft. Ins. 


in 
Ftet. 


FM. 


Feet. 




Surface j>er 
Hour in 


and at 
ax9* Fahr. in 


— 










Pounds. 


Pounds. 




Galli 


njoay Boiltrs, shown in Fig. 189. 




7 o 


26 


33 


748 


Welsh 


3'27 


12-83 


7 o 


28 


36 


853 


Steam-coal 


18-07 


12-15 


7 o 


28 


39 


973 


» 


7-27 


11-72 


7 o 


27 


32 


780 


>» 


19-65 


10-75 


7 o 


26 


33 


748 


♦» 


6-40 


10-24 


Li 


mcashit 


e Boile 


rs with Galloway Tubes, shown in Fig. 


180. 


7 I 


30 


33 


936 


Welsh 


15-9 


I2-02 


7 I 


32 


29 


982 


Ji 


166 


1 1 60 


7 6 


28 


24 


920 


ff 


20-2 


W25 


7 o 


28 


27 


870 


Steam-coal 


i8-i 


II-I3 


7 o 


30 


30 


935 


I^ncashire 


i8-3 


10-85 


7 I 


30 


33 


944 


>i 


20-4 


1073 
10-38 


7 6 


30 


31 


941 


Rough slack 


187 


7 o 


24 


25 


740 


Welsh 


i8-6 


1032 


7 o 


27 


25 


842 


Newcastle 


198 


10*27 


7 I 


30 


33 


937 


»i 


17-2 


io-i8 


7 o 


30 


23 


934 


tt 


223 


lo-oo 


7 I 


30 


3" 


938 


Durham 


i8-3 


9-81 


7 o 


30 


33 


898 1 


Newcastle rough 
slack 


; 174 


970 


7 o 


30 


32 


894 


f} 


i8-5 


961 


7 o 


28 


33 


886 


tt 


10*9 


9'57 


7 o 


26 


30 


810 


Lancashire 


17-8 


9-50 


7 o 


18 


22 


583 


>» 


236 


936 


7 6 


28 


30 


916 1 


Lancashire rough 
slack 


|i8-8 


9-10 


7 6 


28 


33 


923 


i» 


17-1 


875 


7 6 


28 


27 


910 


Newcastle slack 


20-2 


8-40 


7 o 


18 


22 


584 


>» 


20-9 


8-32 


7 6 


28 


33 


916 


Yorkshire slack 


167 


8-25 




Cornish 


Boiler. 


r with Galloway Tubes j shown 


in Fig. I 


76.. 


5 ^ 


22 


16 


443 


Welsh 


195 


11-56 i 


6 o 


24 


18 


515 


»i 


187 


1075 
io'68 


5 o 


25 


18 


448 


Steam-coal 


167 


5 9 


23 


15 


485 


Rough slack 


192 


980 


5 o 


20 


13 


368 


f» 


207 


4 3 


14 


10 


220 


>> 


22-1 


8-31 


4 6 


16 


II 


266 


Small slack 


20-4 


775 



S.B.C. 



A A 
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Table 8i. — Results of a Number of Evaporative Tests of Multi- 
tubular AND OTHER STATIONARY BoiLERS. 



Sue of Boiler. 


Area of 


Toul Heat. 




Coel Con- 
tamed per 
square foot 
oTFiie-gratc 
Snriaceper 
Hour in 


Water Eva- 






Dianwtei 

in 
Ft. lu. 


Length 
Feet. 


Fire-grate 1 ing Surface 

in Square in Square 

Feet. Feeu 


DeKription of Coal used. 


Pound of 

Coal from 

and at 

ai9* Fahr. in 






1 




Pounds. 


Pounds. 


Horizontal Inttrnally Fired Multitubular BoiUrs,shoum in Fig. 195. 


6 7 


16 


28 


"§5 


Steam-coal 


i6-8 


1 1 76 


5 


12 


15 


483 


>i 


219 


1 1 04 


5 6 


14 


16 


689 


II 


197 


11-32 


1 9 


15 


18 


740 


1) 


i8-2 


IO-21 


6 3 


18 


22 


II92 


1* 


17-9 


942 


6 


16 


20 914 


Rough slack 


17-1 


930 
8-40 


5 I 


12 


18 450 


»i 


163 


5 I 


12 


16 1 450 


>i 


198 


813 


Horizontal Externally Fired Multitubular Boilers, shown in Fig. 200. 


5 ° 


15 


30 


948 


Steam-coal 1 6*4 


1 1 30 


4 6 


'§ 


'I 


652 


17-6 


1 1 06 


5 6 


16 


28 


1200 


i8'9 


1076 


4 2 


12 


26 


523 


, i8-4 


IO-I2 


4 2 


12 


26 


523 


191 


988 


6 


16 


33 


1432 


161 


rl; 


4 


12 


20 


476 


i8-6 


4 


12 


25 


476 


Rough slack ; 173 


8-58 


4 6 


16 


21 


664 


Anthracite ' 120 


753 


3 6 


10 


22 


305 


Rough slack 


20-4 


7-10 


3 


9 


20 


200 


it 


194 


6-50 


P/a/« C> 


Undrical or Egg-ended Boilers, shown in Fig. 173. 


4 6 


30 


36 


280 


Small Slack 


174 


856 


4 10 


36 


40 


360 




162 


8-04 


' 4 


26 


32 


240 




i8-3 


7-28 


3 9 


20 


27 


151 




15-6 


711 


3 


12 


22 


73 




149 


6-85 ' 


3 7 


18 


25 


130 




131 


652 


Uiametci 
}f BarreL 


Lenrth of 
Tubes. 


Stationary Boilers of Locomotive-Type ^ shown in 


Inches. 
60 


Feet. 


Figs, 197 and 198. I 


16 


40 1550 


Steam-coal 


20-0 


11-55 


54 


15 


35 1 1020 


II 


183 


1030 


54 


15 


29 1020 


11 


19-6 


9-61 


50 


15 


32 j 844 


Slack 


17-8 


790 
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Table 82. — Results of a Number of Evaporative Tests of Ver- 
tical Boilers and Marine Return-Tube Boilers. 



SiMofBoikr. 








Coal Con- 


Water Eva- 






_ 


Are* or 
Fiic^frate 
in Square 


Total Heat- 
ing Soi&ce 
in Square 
Feet. 


Description of Coal uied. 


sumed per 

Square Foot 

ofFire-graie 

Surface per 

Hourm 

Pounds. 


porated per 

Pound of 

Coal from 

and at 

3ia* Fahr. in 
Pounds. 


DUmela' 

in 
Ft. In*. 


Length 

in 
Ft Ins. 




Vertical Tubular Boilers, shown in Fig. 225. 




3 6 


t 



6 


8-6 
7*5 


I 10 


Welsh 


12-8 
12-2 


IO-2I 
970 


1 6 


8 


6 


75 


I 10 


Newcastle 


131 


9-58 


' ? 


6 





4-0 


65 


Steam-coal 


16-3 

I5-8 


875 


2 6 


5 





3'^ 


32 


)f 


8-20 


2 7 


5 


6 


32 


50 


Slack 


8-02 


3 


7 





5-2 


81 


>> 


125 


7-85 


Fir 


lica 


r/ Cross-tube Boil 


ers, shown in Figs, 220 and 22 


I. 

852 


3 6 


9 





7-8 


85 


Steam-coal 


12-4 


3 6 


9 





7-8 


85 


>• 


11-8 


8-13 


4 6 


9 





i3'o 


116 


>> 


13-0 


7.96 


4 6 


9 





13-0 


116 


»i 


^1 


772 


2 9 


6 





4*5 


40 


» 


15-8 


7-53 


3 


7 





5-0 


45 


Slack 


161 


695 


3 3 


7 


6 


6-6 


68 


>» 


13-2 


6-40 


3 6 


8 


6 


8-0 


76 


99 


123 


557 




Ma 


rine Rt 


turn-Tuh 


t Boilers^ shown in I 


'^ig, 206. 




8 


8 


3 


18 


510 


Welsh 


V. 


12-23 


9 


9 


6 


25 


764 


>• 


I2-CXD 


10 


9 


6 


30 


948 


>> 


17-1 


11-49 


10 


9 


6 


«5 


948 


Steam-coal 


195 


11-27 


II 3 


9 


9 


33 


1 194 


» 


173 


ii-i8 


II 


10 





36 


1 146 


Welsh 


165 


Il-IO 


13 


10 


6 


57 


1685 


»i 


156 


ii-oo 


12 6 


10 


8 


48 


1535 


ii 


17-9 


10-86 


10 6 


10 





30 


1008 


Steam-coal 


187 


10-28 


12 9 


10 


6 


50 


1570 


Newcastle 


164 


9-85 


9 6 


9 





3° 


818 


Welsh 


19-8 


9-58 


12 6 


10 


9 


48 


1480 


}f 


171 


9-41 


10 


9 


6 


34 


960 


Newcastle 


17-8 


8-72 


9 


9 


9 


24 


772 


i» 


159 


9 


9 


9 


»4 


772 


)> 


188 


8-56 


5 


6 





7 


»5i 


Steam-coal 


19*0 


8-6o 


4 6 


5 


6 


6 


125 


f> 


»8-3 


8-34 


4 6 


S_ 


6 


6 


125 


>» 


167 


8-03 



A A 2 
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Table 83. — Results of a Number of Evaporative Tests of Port- 
able-Engine Boilers of Ordinary Locomotive Type, or similar 
TO that shown in Fig. 203. 



Size of Boiler. 



Diameter' Length 
of Barrel. I of Barrel. 
Ft. Ins. * Fl Ins. 



Area of < Total Heat- 
Fire-srate; ing Surface 
in Square in Square 
Feet. I Feet. 

I 



6 
6 
6 
9 



9 ! 6 

7\ 6 

5 I 5 

2 ' 4 



Description of Coal used. 



Coal Con- 
sumed per 
Square Foot 
ofFire-grate 
Surface per 
Hour in 
Pounds. 



432 


2267 


263 


2II-5 


339 


218-1 


3'39 


218-1 


263 


192*2 


4'6o 


238- 1 


418 


1677 


51 


266 


42 


170 


4-3 


158 


0-4 


486 


4-5 


220 


41 


162 


4-0 


155 


35 


117 



Welsh 



Steam-coal 
Welsh 

Sieam-coal 
Welsh 

Steam-coal 



873 
ir2i 

13*57 
1344 
1298 

9-57 
20-90 
12-64 

14*70 
20-04 

1794 
11-90 
15-46 
i6-2i 

1334 



Water Eva- 
porated per 
Pound of 
Coal from 
and at 
a I a* Faihr. io 
Pounds. 



1299 
12-96 

12-59 
12-27 
12-26 
11-21 
10*14 
12-72 
11-66 
11-55 
11-27 

II'20 

II-IO 

950 

9*12 



* The tests marked * in the above Table were made by the Royal Agricultural bodety. 

Table 84. — Results of a Number of Evaporative Tests of Loco- 
motive Boilers, or similar to that shown in Fig. 202. 





1 


i 


Coal Con- 


Water Eva-, 




' Area of 


Total Hf»a». 




sumed per 


porated per 


Description of Engine. 


Fire-grate 
Surface 


tng Surface 

in Square 

Feet 


Description of 
Coal used. 


Square Foot 
of Fire-grate 


Pound of 
Coal from 




in Square 




Surface per 


and at 




l-'eet. 






Hour in 
Pounds. 


aia* Fahr. in 
Pounds. 


Passenger engine 


2ro 


1500 


Steam-coal 


68 


12-00 


i» • ' 


17-5 


1080 


i 




74 


10-90 


>i • 


19-0 


I2IO 


t 




87 


10*52 


Tank engine . 


i6-o 


906 


f 




85 


10-48 


Passenger engine 


! i8-o 


1 160 


> 




72 


10-32 


»i 


. 17-2 


1276 I 




57 


10-28 


»> • 


. iS'S 


II38 






90 


10.19 , 


Tank engine . 


13*0 


600 


f 




76 


IO-I2 


Passenger engine 


19-0 


1226 


y 


64 


10*04 


»> • 


16-8 


I3IO 


f 


66 


973 


»♦ • 


157 


II4I i 




86 


9-22 


>> • • 


17-5 


1245 


y 




71 


9-02 


i> • • 


15-1 


1004 


» 




73 


8-76 


Tank engine 


, 15*0 


810 


i 




76 


8-51 


If 


! 15-0 


906 


t 




75 


8-30 
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Table 85. — Results of Evaporative Tests of various kinds of 
Water-Tubr Steam-Boilers. 



1 

1 

Dcacriptioo of Stcam-Boilcrs. 


Area of 

Fire-grate 

in Square 

Feet. 


1 

Toul 1 

in Square *-*'** u»«»« 
Feet. 


Coal Con- 
sumed pei 
Square 
Foot of 
Fire-grate 
Surface 
per Hour 
in Pounds 


Water Eva- 
porated per 
Pound of 
Coal from 
and at 
BI9* Fahr. in 
Pounds. 


Thorneycrof t's water-tube 












boiler . . . . 


227 


I4IO 


Welsh 





13*40 


Babcock & Wilcox's water- 












tube boiler. . . . 


25 


1403 1 Scotch coal 


I34 


12-38 ' 


Babcock & Wilcox's do. do. 


25 


1403 


f> 


12-8 


12-05 , 


Babcock & Wilcox's do. do. 


31 


1380 


Anthracite 


12-8 


11-22 


Babcock & Wilcox's do. do. 


23 


1193 


Steam-coal 


137 


10-70 


Babcock & Wilcox's do. do. 


311 


1426 


Coke 


6-8 


10-05 , 


Babcock & Wilcox's do. do. 


25 


161O 


Welsh 


23 


lO-OO 


Babcock & Wilcox's do. do. 


15 


860 


Slack 


24*6 


7-20 ' 


Belleville water-tube boiler . 


397 


1264 


Welsh 




11-71 1 


Belleville do. do. . 


397 


1264 


Briquettes 




10-83 


De Naeyer water-tube boiler 


40 


1700 


Bituminous 


1425 


11-70 


Root's water-tube boiler . 


27 


875 


Anthracite 


11-7 


10-60 


Root's do. do. . . 


36 


910 


»» 


IQ-I 


10- 20 


Root's do. do. 


50 


1440 


>i 


lo-o 


9-50 

8-34 


Root's do. do. . . 


160 


845 


Slack 


28-0 


Buttner's do. do. 


12-6 


1942 


Steam-coal 


310 


10-50 


Shepherd's do. do. . . 


26-18 


529 


>} 


13-9 


10-48 


Shepherd's do. dp. 


26-18 


529 


i» 


12-9 


998 


Towne's do. do. . . 






Coal 


4*3 


10-46 


Harrison's do. do. 


3513 


949 


Anthracite 


93 


932 


Perkin's do. do. . . 


153 


3oo{ 


Semi- 
Anthracite 


I2-0 


9-27 


Herreshof coil water-tube 












boiler . . . . 


26-0 


485 


Anthracite 


i3"o 


910 
8-10 I 


Herreshof do. do. . . 


26 


485 


i> 


i8-o 


Heine's water-tube boiler . 


19-4 


869 


Steam-coal 


18-8 


9-00 1 


Steinmuller's do. do. . . 


323 


724 


>» 


13-8 


8-8o ' 


Watther's do. do. 


157 


996 


>» 


17-5 


8-80 


Neuman's do. do. . . . 


137 


494 


,1 


145 


8-70 


Water-tube boiler with verti- 












cal tubes .... 


21*2 


928 


ii 


22-7 


8-33 


Water-tube boiler with pen- 












dent tubes . . . 


19-6 


958 


M 


21-9 


8-IO ' 


Water-tube boiler with verti- 












cally inclined tubes . 


28 


1600 


y> 


20-7 


734 


do. do. . . 


173 


870 


Slack 


34 


7-02 


Ward's water-tube boiler . 






Coal 


15*5 


8*28 


Water-tube boiler on Root's 












principle 


33'2 


1276 


Steam-coal 


19.9 


8-17 
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Average Coal-Consiimption in Eyaporation. — ^Taking the average 
of a number of tests of steam-boilers, it appears that, the quantity of coal 
consumed in evaporating looo lbs. of water to steam, from and at 212** 
Fahr., under ordinary working conditiqns is frequently as follows : — 



Lbs. of coftl lued in 

evaporating looo 

lbs. ofwata*. 

Locomotive boilers . . . 100 

Portable-boilers of locomotive type . 104 
Marine return-tube boilers . . 108 

Lancashire boilers . . .112 

Cornish Boilers 125 

Water-tube boilers . . . .140 
Vertical cross-tube boilers . . .165 
These quantities are for coal of the ordinary quality and kind common 

to each type of boiler. 

Boileni for Supplying Steam for Seating Bnildinge. — The 

size of boiler required for supplying steam for heating a building of a given 

size, varies with the kind of building and the type of boiler used. 

The size of boiler requisite for supplying steam for the efficient heating 

of buildings may, in a general way, be found by dividing the cubic contents 

of the building by the number corresponding to its description given in the 

following Table : — 

Table 86. — Number of Cubic Feet of Space in Buildings or 

VARIOUS KINDS THAT MAV BE HeaTED WITH AN EFFICIENT ARRANGE- 
MENT OF Steam-Pipes by One Square Foot of Heating-Surface 
OF a good Steam-Boiler. 









Cnbir Contents of Build- 








ing that may be Heated 


Description of Building. 




by Steam generated by 
One Square Foot of 








Heiting-Surface of the 








Boiler. I 








1 Cubic Feel. 


Large public rooms, 


of stone ( 


3r brick ' . . 


600 


Warehouses and sale-rooms, 


do. 


do. . 


550 


factories and work-rooms. 


do. 


do. . . 


500 


Shops and waiting-rooms, 


do. 


do. . 


450 


Offices and dwellings, 


do. 


do. . . 


1 400 


Large draughty sheds, 


do. 


do. . 


' 350 


Buildings of wood or galvanised sheet- 


iron . . . 


300 


Buildings constructed largely 


of glass 


. 


250 


1 Conservatories . 


, 




125 1 


Laundry drying-rooms . 


• 


. 


100 

; 1 



As an example of the use of this Table, suppose it is required to 
determine the total heating-surface of a boiler to generate steam for 
heating, by an efficient arrangement of steam-pipes, a factory consisting of 
two rooms of 80 feet long, 40 feet wide, and 14 feet high. 
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Then, the cubic contents of space to be heated is = 80 x 40 x 14 feet 
X 2 rooms = 89600 cubic feet ; and a boiler will be required having a 
total heating-surface of 89600 -r- 500 = 179*2 square feet. 

KadifttiTig Snrfitce of Steam-Pipes for Seating Buildings. — ^The 
radiating surface required to heat buildings of various kinds, by steam- 
pipes placed on or near the floors, is given in the following Table : — 



Table 87. — Number of Cubic Feet of Space in Buildings of 

VARIOUS KINDS THAT MAY BE HeATED BY OnE SqUARE FoOT OF 

Radiating Surface of Steam-Pipes placed on or near the Floor. 



Deacriptioa of Building. 


Cubic Contents of Build- 

ing that may be Heated 

by One Square Foot of 

Radiating Surface of 

Steam Pipes. 


Large public rooms, of stone or brick . . 
Warehouses and sale-rooms, do. do. . 


Cubic Feet. 
150 
' 100 


Factories and work-rooms, do. do. . . 


1 90 


Shops and waiting-rooms, do. do. . 
' Oflfices and halls, do. do. . . 


80 
70 


1-arge draughty sheds, do. do. . 
Buildings of wood or galvanised sheet-iron . . 
Buildings constructed largely of glass 
Conservatories 


60 

50 
40 
20 


laundry drying-rooms 


10 



The number of square feet of radiating surface of steam-pipes required 
to heat a building, may be found by dividing its cubic contents by the 
number in the above Table, corresponding to the kind of building. 

For instance, to heat a work-room of 60 feet long, 35 feet wide, and 13 
feet high, or having 60x35 xi3 = 27300 cubic feet of contents, 
requires steam-pipes having a radiating surface = 27300 -=- 90 = 304 
square feet, when the pipes are placed on or near the floor of the room. 

Seating Buildings by Overhead Steam-Pipes.— In the overhead 
s\stem of heating buildings by steam, horizontal rows of pipes are placed 
round the room near to the ceiling. The pipes are suspended in racks, 
fixed about 3 feet from the wall, and at the same distance from the ceiling. 
They are generally i J inches diameter, and i foot in length of pipe of this 
diameter will heat 85 cubic feet of space. If the cubic contents of the 
space to be heated be divided by 85, the quotient is the length of overhead 
steam-pipe of li inch diameter required to heat it. 

For instance, to heat a work-room having 34,000 cubic feet of contents^ 
with over-head steam-pipes, requires a length of steam-pipe = 340oo-^ 85 = 
400 feet, when the pipes are i^ inches diameter, and they are placed about 
3 feet from the ceiling, and at the same distance from the walls of the room. 
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Steun-BoiUr Szploaloiui. — The explosion of a steam boiler is not an 
accident, and is always preventable, because it proceeds from a cause which 
might have been foreseen, the defect could have been remedied, and the 
explosion prevented. 

The causes from which explosions proceed are very numerous and 
various, but are principally as follows: — Weakness, and defects in the 
design, construction, or workmanship. Improper treatment, carelessness, 
neglect, or ignorance on the part of the boiler-attendant. Wasting from 
wear, tear, and corrosion. Overpressure, worn-out condition, and over- 
heating from shortness of water. Defective condition of safety-valves and 
other mountings. Exposure to conditions which cause the development of 
defects in, or general deterioration of, the structure. 

Power Liberated bj the Sxplonon of a Steun-Boiler.— In the 
explosion of a steam-boiler an enormous amount of energy stored in the 
water and steam is suddenly liberated. The destructive effect of the 
explosion of a steam-boiler is produced by the sudden expansion of the 
liberated mass of water and steam from the pressure existing at the instant 
of the explosion down to that of the atmosphere. 

The energy stored in the steam and liberated by the explosion of a 
boiler, may be found by multiplying the units of latent heat given up by 
the steam, in expanding from the pressure existing at the instant of the 
explosion down to atmospheric pressure, by 'j'ji^ and by the weight of 
steam in pounds in the steam-space of the boiler. The weight of steam in 
a boiler is so small that the energy stored in the water veiy greatly exceeds 
that stored in the steam. 

The energy stored in the water and liberated by the explosion of a boiler, 
may be found by the following formula : — 

Let T = the temperature of the steam above that of the atmosphere at the 

instant of the explosion. 
Let W = the weight of the water in the boiler in pounds. 

The energy in foot-pounds stored in the water of a boiler and liberated 
by explosion is = 

(T ^ 2i2^)« X 772 ^ w 
1135 +T ^ ^ 

As an example of these rules, calculation may be made of the power 
liberated by the explosion of a Lancashire boiler of 7 feet 6 inches 
diameter, and 30 feet long, weighing 34300 lbs., and containing 60 lbs. of 
steam and 42100 lbs. of water, the pressure of the steam at the instant of 
the explosion being 100 lbs. per square inch by the steam-gauge. 

Then from Table 37, page 105, the latent heat of steam of atmospheric 
pressure is 966*1 units, and that of steam of 100 lbs. per square inch 
pressure is 876*5 units, and each lb. of steam contains 966*1 — 876*5 = 
89*6 units of heat above that contained after expansion to atmospheric 
pressure. The energy stored in the steam and liberated by the explosion 
is s 89*6 units X TJ2 x 60 lbs. of steam = 4150272 foot-pounds. 
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The temperature of steam of 100 lbs. per square inch pressure is, from 
Table 37, = 337°7 Fahr., and the energy stored in the water and liberated 
by the explosion is = 

( 337''7 - 21O' X 77 2 _ 12197978-28 _ 

T,^- I ^^^»^ = — ,.^:>~:z — = 8203 X 42100 lbs. 01 water 

"35 + 3377 14727 ^ 

= 348714300 foot-pounds + 4150272 foot-pounds contained in the steam 

= 352864572 foot-pounds of total energy, and = ^^^^^r~ = 10693 in- 

33000 

dicated horse-power released by the explosion of the boiler. 

The power required to project a weight of one lb. one mile high is 5000 
foot-pounds, and the power liberated by the explosion is sufficient to 
project the boiler to a height of, 

3 52864 5 72 foot-p ounds l iberated by the explosion _ , .. 
34300 lbs. weight of the boiler, x 5000 foot-pounds "" °5 "** ^^* 

Boiler-Szplonoiui from Zntemal Corrosiolu — ^Boilers have been pre- 
maturely worn out by using feed-water of a corrosive nature, due to acids 
either present in the water, or proceeding from organic matter or grease 
introduced into the boiler with the feed-water. In some cases the whole 
of the interior surface of the boiler below the water level has been seriously 
corroded from this cause, as shown iu Fig. 271. 



'Firebox pUite 





SheUplatt\ 
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T%t dotted lines show \ 
the outlines of Plates 
aftd Stay when new 



Fig. «79. — Corroded plates and stay. 



Fig. 971.— Corroded boiler-shelL 




Fig. 973.— Boiler-shell wasted by internal 



Internal corrosion from acids in the feed-water was the cause of the 
explosion of a boiler in which the fire-box and stays were much wasted 
away, some of the stays being eaten completely through as shown in 
Fig. 272. 

Weakness due to internal corrosion was the cause of a boiler explosion 
in which the plates were wasted away, as shown in Fig. 273. The boiler 
^was worked without examination of any kind until the structure gave way. 
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The explosion of the Cornish boiler shown in Fig. 274,* was caused by 
internal corrosion, which wasted the furnace-tube so much that it was 
unable to bear the working pressure. It collapsed and ruptured the crown 
of the furnace. 



Fig. 37 A.— Explosion 
of « Cornish boiler 
from internal corro- 
sion. 




Fi^. 375.— Explo- 
sion of a vertical 
boiler from inter- 
nal corrosion. 




Fi^. 276.— Explo- 
sion 01 a vertical 
boiler from inter- 
nal corrosion. 




Fi|[. a78.— Explo- 

Fif[. 377.— Explo- sion of a veracal 

sion of a vertical boiler from com>- 

boiler from inter- sion of the up- 

nal corrosion. take. 



In the explosion of the boiler shown in Fig. 275, the plates of the fire-box 
were so much thinned by corrosion as to cause it to collapse. 

Internal corrosion was the cause of the explosion of the vertical boiler 
shown in Fig. 276. The fire-box was so much reduced in strength by 
corrosion that it collapsed, and the boiler was projected through the roof 
of the building. 

The explosion of the vertical tubular boiler shown in Fig. zf^j^ was caused 
by internal corrosion. The upper ends of the tubes were reduced by cor- 
rosion to -j3g. inch in thickness, and the shell-crown-plate to \ inch in thick- 
ness. The crown-plate was forced over the ends of the tubes and bulged 
upwards, the crown of the fire-box bulged downwards. 

Numerous explosions of vertical cross-tube boilers have occurred from 
corrosive wasting of that portion of the uptake which passes through the 
steam-space. 

This was the cause of the explosion of the boiler shown in Fig. 278. 
The uptake was so much thinned by corrosion that it ruptured in two 
places near the water-line. 





Fig. 379.— Boiler-shell weakened by 
corrosive grooving. 



Fig. aSo. — Explosion of a locomotive 
boiler from corrosive grooving. 



Boiler-Ezplosions f^m Corrosive GrooTring. — Grooving or furrow- 
ing is due to the action of corrosion on a surface or point at which expan- 
sion or alteration of shape is localized. Corrosive grooving has been a 
prolific source of boiler explosions. In locomotive boilers formed with 

* The author is indebted for a number of engrarings of boiler-explosions to Mr. £. B. 
Marten, of Stourbridge. 
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longitudinal lap-joints, a longitudinal buckling action is caused by alterna- 
tions of pressure, owing to the plates not being truly circular, which results 
in the formation of a groove along the edge of the longitudinal seam of 
the barrel as shown in Fig. 279. The remedy for this evil is^ to form the 
plates a true circle by employing a butt-joint. 

Corrosive grooving was the cause of the explosion of the locomotive 
boiler shown in Fig. 280. It ruptured at a deeply furrowed longitudinal 
seam, and the rent spread round the boiler. A test-hole drilled near to 
the line of furrow had failed to reveal it. 

Corrosive grooving was the cause of the explosion of the locomotive 
boiler shown in Fig. 281. It ruptured at the left side central longitudinal 
seam where weakened by grooving. 

In Cornish and Lancashire boilers, corrosive grooving may take place in 
the end-plates in the vicinity of the angle-hoops, as shown in Fig. 282. 

Corrosive grooving was the cause of the explosion of the cylindrical 
boiler shown in Fig. 283. The back end-plate was so much weakened 
by grooving in the angle-hoop, caused by the movement of the flat end- 
plate under varying pressure, that the end was blown out, and the shell 
was thrown from its seat. 




Fig. a8 1. —Explosion of a locomotive 
boiler from corroMve grooving. 




^ 



© 




Fig. 384. —Explosion of a boiler 
from corrosive grooving. 



Fig. a8x— End-plate of Lan- 
cashire boiler weakened 
by corrosive grooving. 



Fig. aS^.— Explosion of a 
cylindrtcaJ boiler from 
corrosive grooving. 

Corrosive grooving was the cause of the explosion of the boiler shown in 
Fig. 284. The back end-plate was grooved at the root of the flange and 
reduced to ^ inch in thickness, and the lower portion of the plate was 
blown out. 

In vertical boilers, grooving frequently takes place at the root of the flange, 
or outside the flange on the crown of the fire-box, at the bottom of the up- 
take. It is also liable to take place near the flange, or angle-hoop, on the 
outside of the bottom of the fire-box. 

In the explosion of the boiler shown in Fig. 285, the flange at the base 
of the uptake was so much weakened by corrosive grooving that it ruptured, 
and the top of the fire-box bulged down. 
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Grooving has frequently been induced by improper caulking, which 
resulted in the skin of the plate being cut through, and an indent made 
along the outside of the lap of the joint. 

BoiUr-SzpUMdoBs from Szt«nud Ooxxosion. — Elxtemal comision 
has been the cause of numerous boiler explosions. It may proceed from 
the boiler being placed in a damp situation, or from leakage and lodgmoit 
of water in contact with the plates. 

In the explosion of the boiler shown in Fig. 286, the plates were so much 
wasted by external corrosion that the fire-box was unable to bear the usaaJ 
working-pressure, and a piece was blown out of one of the plates. 





**^^t^ hSl?£L^«, ^'^i' a86.— Explosion of a Fig. 287.-Explosioo of a Cornish boOtr 
^^J^Zi vertical ixMler from ex- from cxtt«ial corrosion. 

ro»ve grooving. ^^^^ common. 

In an explosion of a Cornish boiler, the bottom of the shell, where ii 
rested on a centre- wall, or mid-feather, had wasted away by external corrosion 
for a considerable portion of its length, the plates being in some places less 
than ^ inch thick, as shown in Fig. 287. The corrosion arose from moisture 
draining into the brick-seatings from the surface of the ground, which was 
on a higher level. Boilers should not be set in this way, as the mid-feather 
harbours moisture from leaking seams and other sources; and corrodes the 
plates. 




Fig. a88.— Explosion of a Cornish 
boiler froai external corrosion. 



Fig. 389.— Explosion of a Cornish 
boiler from external corrouon. 




Fig. 990. — Corroded shell- 
plate of Lancashire boiler. 



Fig. 89 1. —Explosion of a Omush 
boiler from external corrosioa. 



External corrosion was the cause of the explosion of the Cornish boiler 
shown in Fig. 288. A piece was blown out of the bottom where thinner/ 
by external corrosion, and the issuing contents turned the boiler upside 
down. 
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In the explosion of the Comish boiler shown in Fig. 289, the front shell- 
plates near the left side-wall were so much thinned by external corrosion as 
to be unable to bear the usual working-pressure, and they ruptured, some 
of the plates were blown out, and the boiler was turned upside down. 

In the explosion of a boiler, the plates were seriously corroded under the 
brickwork of the top of the side flues, as shown in Fig. 390, which was 
excessively thick, and harboured moisture from a leaking seam. 

In the explosion of a boiler, it had been improperly set on broad seatings 
as shown in Fig. 291 ; a layer of damp soot had collected in each side flue, 
and seriously corroded the plates. The seatings of boilers should be raised 
above the bottom of the side flues to prevent injury to the plate by accumu- 
lations of this kind, the seatings should be narrow, and if there are longi- 
tudinal seams near the bottom of the boiler they should be kept clear of 
the seatings. 





Fig. 39s.— Corroded shell-plate of boiler from Fig. a9|.— Explosion of Comish boiler 

contact with damp brick-work. from external corrosioo. 

Damp brickwork in contact with the boiler has been a fruitful source of 
external corrosion. In the explosion of a boiler, the brickwork in contact 
with the plates had not been removed at the inspections of the boiler, and 
the plates had become much thinned, as shown in Fig. 292, by corrosion, 
which had been going on for some time undetected. 

In the explosion of the Comish boiler shown in Fig. 293, the right side 
of the back belt of plates was so much thinned by external corrosion where 
it rested on the brickwork that it ruptured, the rent extended round the 
boiler, and the plate was peeled off. 

The outside of the cross-tubes' of vertical boilers is frequently wasted by 
corrosion from rain passing down the chimney when the boilers are not at 
work, and from condensation-water dropping from the exhaust-pipe when 
steam-blast is used in the chimney. 

The front end-plates of Comish and Lancashire boilers are frequently 
corroded from contact with damp ashes. The hot ashes should be removed 
some distance from the boiler before they are slacked, otherwise the front 
wall is liable to become damp and produce corrosion. 

Boil«r-SzplosioiUi from Ovarlieating. — ^The parts of a boiler liable 
to become overheated are the surfaces adjacent to the fire. Overheating 
can only take place when a plate is not in contact with water. It may 
occur if steam be in contact with the plate instead of water ; and from any 
obstruction to the transmission of heat, either through the plate, or from 
the plate to the water. Overheating may arise from defective circulation, 
shortness of water, and from excessive incmstation or deposit on the heating- 
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surfaces preventing the transmission of heat from them. When the crowns 
of furnace-tubes are overheated and become red-hot, they are so much 
weakened that the tubes are liable to collapse and rupture at the ordinarj 
working-pressure of the steam. 

The furnace-tube of the boiler shown in Fig. 294, collapsed from 
shortness of water. 

In the explosion of the boiler shown in Fig. 395, the crown of the 
furnace-tube collapsed and ruptured from shortness of water. 







Fig. 994.— Kxpkmon of a boiler 
from a oollapaed fiuiMce-Cobc. 




Fig. 995.— Explosion of a boiler 
from colUpM of the fumacc- 
nibe. 




F|g.a96.-»K«plorioH of a 
Lancashire Dodcr fron 
the collapce of bach 
of the f 




Fig. 097. — Cdlapae of the fur- 
nace-tttbe of a boiler from 
accumtUalioo of tediment. 



In the explosion of the Lancashire boiler shown in Fig. 296, both 
furnace-tubes collapsed and ruptured from shortness of water. 

An accumulation of sediment on the top of a furnace-tube caused it to 
bulge down, as shown in Fig. 297. 

Grease or oil on the surface of a plate is a serious 
obstacle to the transmission of heat, and may cause 
overheating. Those oils which are most readily 
decomposed, or organic oils, such as lard-oil, n^- 
seed, linseed, and other vegetable oils, are most 
liable to cause overheating, and mineral oils are 
the least dangerous. 

In non-condensing engines the exhaust-steam is 
frequently discharged into feed-tanks, and carries 
with it grease from the cylinders of the engines. 
In condensing-engines the water from condensed steam is used over and 
over again, and a considerable quantity of oil or grease from the cylinders 
becomes mixed with the feed-water. The grease mixes with sediment in 
the boiler and forms a greasy deposit, which, when it settles on the heating- 
surfaces, maintains the water out of contact with the plates, and causes over- 
heating and bulged furnace-crowns. 

Muddy feed-water is liable to cause overheating. A new multitubular 
boiler using dirty feed-water from a pond, had only been at work about two 
months when the tubes became burnt and destroyed from overheating caused 
by incrustation of mud. 

Overheating from shortness of water has been caused in many cases by 
leakage through blow-oflf cocks inadvertently left partly open. To prevent 
accidents of this kind, the blow-off cock should be fitted with a spanner- 
guard, which will not permit the spanner to be withdrawn until the cock is 
closed. Boilers have frequently become short of water from leakage through 
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fractured blow-oflF pipes, that is, the pipes connecting the blow-off cocks to 
the boilers. 

In the explosion of the boiler shown in Fig. 398, the blow-off cock was 
left open too long in partially blowing-off, and the furnace-tubes collapsed 
from shortness of water. 

Shortness of water and overheating caused the furnace-tube, shown in 
^'^S' 299» to bulge down and rupture immediately over the fire, resulting in 
the explosion of the boiler. 




Fig. 998.~Expl(»toa of marine 
retnni-tabe boiler from coU 
lapae of the fomacc-tobea. 



Fiff. a99.-<:olUp8ed 
fumaoe-tube. 



Fig. 300. — Explosion of 
a marine return-tube 
boiler from cotlapeed 
plates. 



Bulged top 

of 
combustion- 
chamber. 



In the explosion of the marine boiler shown in Fig. 300, the plates 
became red-hot from shortness of water, and were unable to bear the 
working-pressure. The crowns of the furnaces slightly collapsed, the plates 
of the combustion-chamber bulged, and the end-plates of the chamber 
were forced over some of the stays. 

The crowns of the combustion-chambers of marine return-tube boilers 
have frequendy bulged and collapsed from over-heating. 

Shortness of water caused the top of a combustion-chamber to become 
over-heated and bulge down, as shown in Fig. 301. 

Boilers having heat applied to the shell-plates have frequently become 
overheated from having the side-flues carried above the water-level of the 
boiler. 

Shortness of water has occmred from boiler-attendants having been 
misled by false indications of water-gauges, caused by the passages 
having become choked with sediment or mud. 

Explosions of stationary boilers have occurred from shortness of water, 
owing to the attendants having been misled by float-gauges in a defective 
condition. These gauges require accurate adjustment, and should be 
frequently examined, and kept in good order and in a sensitive condition. 

Overheating has frequently been caused by defective circulation due to 
cramped water-spaces. 

Overheating has frequently taken place in that portion of the uptake of 
vertical cross-tube boilers which is above the water-line, or passes through 
the steam-space. It occurs most frequendy in cases where the uptakes are 
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not protected by fire-clay, or other lining, from destructive impingement of 
flame. 

Deposits of scale on the heating-surfaces of steam-boilers is a frequent 
cause of overheating. 

Overheating caused by deposit of scale was the cause of the explosion of 
the Lancashire boiler shown in Fig. 302. One of the furnace-tubes 
collapsed sideways and ruptured the angle-hoop at each end. The plates 
were so much weakened by overheating that they were unable to bear the 
usual working-pressure. 

The vertical-boiler shown in Fig. 303, had the lower cross-tube btdged 
and cracked from deposit of scale. 




tube. 



Explosion ofa Lancashire 
from collapsed furnace- 





Fig. 303.— Explosion of a 
vertical boiler from frac* 
tured cross-tube. 



FiK.304.— Expio* 
sioa of a boiler 
from collapsed 
fumace*tube. 




vertical 
from collapMd 
fire-box. 




Pis. 306.— Bulged 
furnace-tube. 



Overheating has been frequently caused in boilers fed 
with sea- water from deposit of salt. This was the case 
in the boiler shown in Fig. 304 ; the furnace-crown col- 
lapsed and allowed the contents of the boiler to escape, 
the plates having become overheated from accumulation 
of salt. 
In the boiler shown in Fig. 305, the fire-box partly 
collapsed near the fire-hole, the plates were overheated from deposit of 
salt. 

Explosions of vertical boilers have frequently been caused by overheating, 
bulging and rupture, of the plates of the fire-box at a little above the level of 
the fire-bars, from accumulation of salt at the bottom of the water-space of 
the fire-box. 

The tubes of multitubular boilers frequently become overheated and 
burnt from deposits of scale. In some cases on removal of the tubes, some 
of them have been found completely embedded in scale and petrified into a 
solid mass. 

Overheating has been frequently caused by the injudicious use of 
compositions for the prevention of scale. Chemical compositions should 
never be put into a steam-boiler. Overheating has in some cases resulted 
from the composition yielding a greasy deposit which mixed with the 
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sediment, adhered to the heating-surfaces, and prevented contact of 
water. In other cases the compositions have driven the scale off in large 
pieces, which accumulated on the heating-surfaces and caused overheating. 
This was the cause of the furnace-tube bulging shown in Fig. 306; a com- 
position for removing scale was put into the boiler, and caused the scale to 
become detached in large flakes, which settled in a heap along the top of 
the furnace-tube, and became baked on it during the night when the steam 
was down, and caused overheating. 

When a furnace-tube is in danger of becoming overheated, it is generally 
expedient to withdraw the fire. When it is overheated, it is dangerous to 
disturb or withdraw the fire, and it is usual to smother the fire with wet 
ashes, but the attendant runs the risk of being scalded in the event of 
rupture of the furnace-crown. 

Effect of Cold Feed-Water on Overlieated Plates. — ^When cold 
feed-water is turned on to overheated plates, there is no danger of the 
explosion of the boiler from the sudden generation of steam, because metal 
has so little capacity for heat that it cannot retain sufficient to generate 
much steam. This has been proved by experiments. 

In one experiment, steam of a pressure of 150 lbs. per square inch was 
raised in a boiler, the water was blown off, and the plates were permitted to 
become nearly red-hot. Water was then pumped into the boiler, but 
there was no sudden generation of steam. The water only cooled the 
plates, and the boiler did not explode. 

In an experiment with another boiler, the water was blown off until the 
crown of the furnace was exposed and became red-hot, water was then 
pumped into the boiler, which resulted in cooling the plates, and causing 
the johits to leak badly, but no explosion took place. 

The sudden cooling of overheated plates is liable to cause injury by the 
severe strain produced by sudden contraction after excessive expansion. 

Boiler Szplonone from Over-pressure. — Numerous boiler explo- 
sions have been caused by over-pressure, or by working the boiler at a 
pressiure higher than it was fit to bear. Over-pressure has been fre- 
quently caused by safety-valves sticking fast on their seats, and becoming 
inoperative. In some cases safet}'-valves have been overloaded or wedged 
down for the purpose of temporarily obtaining higher pressure, and the 
overpressure has resulted in explosion. 

Safety-valves loaded with spring-balances have been frequently found 
overloaded by being screwed down until the valves were fastened on their 
seats. To prevent the valve being loaded beyond the blowing-off pressure, 
a ferrule should be fitted on the screw of the balance. 

Over-pressure was the cause of the explosion of the boiler shown in Fig. 
307. The safety-valve was screwed down and rendered inoperative. The 
over-pressure caused the rupture of the plates in several places. 

The explosion of the boiler shown in Fig. 308, was caused by over- 
pressure. One of the safety-valves was jammed, and the other was 

S.B.C. B B 
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supposed to have been screwed down on its seat. The overpressure 
caused sixteen screwed stays to be drawn out of the left side of the fire-box, 
and both the fire-box and its shell were bulged. 

Over-pressure was the caude of the explosion of the marine boiler shown 
in Fig. 309. The safety-valve was wedged and rendered inoperative, and 
the over-pressure ruptured part of the bottom of the furnace-tube and 
forced it upwards. 




Fif. 307.— Explosion of 
the boiler of a traction 
engine from over-pres- 
sure. 




Fig. wS. — Explosion of 
the boiler of a traaion* 
engine from over-pres- 




Fig. 309. — Explosion of a 
nuuine-boiler from orer- 



Lever safety-valves can be easily overloaded by the addition of a small 
weight. They have been found after explosions to have been overloaded 
with pieces of iron, bricks, and fire-bars. A wedge is sometimes driven 
between the top of the lever and its fork-guide, for the purpose of gagging 
the valve to obtain a higher pressure. A boiler should have at least one 
safety-valve which cannot be tampered with or gagged. 

Safety-valves are frequently of deficient area, and incapable of preventing 
increase of pressure on a sudden stoppage of the flow of steam from the 
boilers. The lift of safety-valves is frequently too small to permit free 
escape of the steam and prevent accumulation of pressure. 

Over-pressure has been caused by defective safety-valves, which could 
not permit the steam to escape as fast as was necessary to relieve the boiler 
when the limit of safety was reached. 

Safety-valves have sometimes become overloaded by an accumulation of 
water in the escape-pipes, which has frozen in winter and rendered the 
valves inoperative. When waste-pipes are employed, they should be 
automatically drained of water from condensation. Waste-pipes should 
only be used for safety-valves when unavoidable. When the valves are 
open-topped, it can easily be seen when they are in a leaky condition, and 
when steam is blowing-of! to waste. 

Over-pressure has been caused in some cases by an error of judgment in 
fixing the working-pressure at too high a point for the safe working of old 
boilers, their strength having been estimated from the results of hydraulic 
tests. These tests are very misleading and unreliable. A boiler is strained 
gradually and uniformly by hydraulic pressure, but it is subject to inter- 
mittent and varying strains under steam-pressure, and also to racking strains 
from unequal expansion and contraction. 

Old boilers having plates varying considerably in thickness frequently 
withstand a hydraulic test satisfactorily, and although water-tight are in 
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an unsafe condition. For instance, an old boiler withstood satisfactorily 
a hydraulic pressure of 1 20 lbs. per square inch, and was declared safe and 
sound for a working-pressure of 60 lbs. per square inch. After the boiler 
was emptied, it was inspected and tested by sounding the plates with a 
hammer, when a thin place was discovered in the bottom of the shell, 
through which the hammer was easily driven, the plate at that point 
being little more than- -^ inch thick. The boiler was also found to be so 
much thinned by corrosion in two other places as to be unsafe for any 
working-pressure, and it was in a dangerously weak condition. 

Boilers have frequently exploded a short time after being tested by 
hydraulic pressure, and at a considerably less pressure of steam than the 
pressure of water they satisfactorily withstood. In one case a boiler 
ruptured with a pressure of steam nearly one-half less than the water- 
pressure it had safely stood a short time previously. 

In the explosion of the Lancashire boiler shown in Fig. 310, the right 
hand furnace-tube was weak, and was so much injured by overstrsdning 
daring a hydraulic test that it collapsed sideways for its whole length. 




Fig. 3t<x — Explosion of 
a boiler from injury 
from over-straining by 
hydraulic pressure. 




Fig. 311.— Bulged stayed-plate. 



Fig. 313. — Fractured seam. 



Over-pressure has in many cases caused the plates of water-spaced com- 
partments to become so seriously bulged as to stretch the plates, and enlarge 
the rivet-holes so much as to permit the stud-stays to be drawn through the 
plate without stripping the thread of the screw, as shown in Fig. 311. 

Over-pressure has in some cases arisen from reliance on inaccurate 
steam-gauges. Numerous roughly-made and inaccurate steam-gauges are 
made for the purpose of supplying cheap instruments, and steam-gauges 
are sometimes fitted to steam-boilers which are not only unreliable but 
dangerously misleading, because they are liable to indicate less than the 
true pressure. In some cases even apparently well-made steam-gauges 
have been found inaccurate. All steam-gauges should be carefully 
examined and frequently tested by a mercurial column. 

Boll«r Explosions from Hidden Flaws. — Hidden flaws have been 
the cause of numerous boiler explosions. Flaws along the line of rivet- 
holes, or between the rivet-holes, have been frequently caused by punching* 
When plates are of a hard and brittle nature, incipient flaws are liable to 
be started in them during the process of making the boiler, which may 
afterwards develop into a rupture from racking strains thrown on a boiler 
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when at work. In an explosion of a boiler, the flaw from which the explo- 
sion arose occurred at the overlap of the longitudinal seam of the plates, 
and started from the centre of the joint, as shown in Fig. 3 1 2, so that it 
was entirely hidden from view. 

Boiler Explosions from Fractured Plates. — Explosions have fre- 
quently arisen from fractured plates, due to a variety of causes. 

Fractures have been started in many cases by the rough treatment the 
ends of plates occasionally receive in imparting the required set to the joint. 
When plates are bent after the rivet-holes are made, the lessened resist- 
ance of the plates at the rivet-holes permits the plate to become set instead 
of bending uniformly to the curve, and plates have been injured by flogging 
the bent edges back to the required curve. 

Fractures have been frequently started by the injudicious use of the drifts 
for the purpose of drawing the rivet-holes fair. 

Fractures have been started by caulking with a tool of improper shape. 

Fractures have been frequently produced at the edges of unstrengthened 
manholes and mudholes by strains from screwing up the covers. The edge 
of these holes should always be strengthened by a ring riveted to the plate. 

Fractured seams are frequently caused by unequal expansion and con- 
traction, and in some cases by fretting of the metal from strains produced 
by uneasy seating, or uneven setting of the boiler. 

Fractures have been frequently caused by staying plates so rigidly as to 
interfere with their expansion, and by strains produced on one part by the 
excessive expansion of another part of the structure. 

Fractures have frequently been caused by sudden contraction from the 
impingement of a current of cold air on hot plates. 

Fractures have been produced by sudden contraction due to the 
delivery of cold feed-water on hot plates. 

Fractures have frequently been caused by sudden contraction and 
straining from running cold water into a boiler immediately after blowing- 
off, while both it and the brickwork-setting were hot, for the purpose of 
cooling it quickly. 

Fractured Steam-Pipes. — Steam-pipes have frequently fractured for 
want of elasticity. They should never be fixed so rigidly as to be 
incapable of yielding to accommodate expansion. 

Explosions of Steam-Pipes. — Explosions of stop-valves and steam- 
pipes have been frequently caused by wasting from corrosion, and by 
water-hammer due to accumulation of water from condensation of steam. 

Cast-iron steam-pipes have frequently burst from defects, and uneven 
thickness, caused by the shifting of the core in casting. 

Copper steam -pipes have frequently burst from defectively brazed 
seams. 

Copper is liable to become reduced in strength and rendered more 
or less hard and brittle by long use, but it may be rejuvenated by 
annealing. 
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Burnt Tubes. — The tubes of multitubular boilers have frequently burst 
from wasting due to the scouring effect of cinders and ashes, and from 
the deteriorating action of the gases from coke. The tubes of these boilers 
should be frequently withdrawn and inspected. 

In the boiler of a tramway-locomotive shown in Fig. 313, one tube 
burst at the place where the part is left out in the engraving, being worn 
very thin by the scouring-action of coke-dust. 

Worn-out Steam-Boilers. — Explosions have frequently resulted from 
working steam-boilers when in a worn-out condition. In the explosion of 
the Cornish boiler shown in Fig. 314, the shell was fractured near the 
bottom line, where in contact with brickwork. The rents continued round 
the boiler, and three rings of plates were blown out. The shell was 
completely worn out. 
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Fig. 313.— Bunt smoke-tube. Fig. 314.— Explosion of a worn-out boiler. 

In the explosion of a stationary steam-boiler, the shell fractured on one 
side where resting on the brickwork-seating, and it was torn into five pieces. 
The boiler had been in use for more than thirty years, and was completely 
worn out. It had not been inspected since it was made. 

In the explosion of a worn-out cylindrical steam-boiler, the shell was so 
much reduced in strength that it ruptured at the bottom from the ordinary 
working-pressure. The rents spread over the whole shell, which was torn 
into three pieces with such violence as to wreck the premises. 

In the explosion of a worn-out stationary steam-boiler, the plates were so 
much reduced in thickness as to be unable to bear the ordinary working- 
pressure. The shell ruptured at one side and the rent extended round the 
boiler. Both ends were blown out and the middle plates of the shell 
remained on the seating. 

In the explosion of a worn-out portable steam-boiler of locomotive type, 
the fire-box was much reduced in thickness, and the heads of the screwed 
stud-stays were so much wasted away as to permit the plates to yield to the 
pressure, and they were forced over the ends of the stays. 

In the explosion of a worn-out Lancashire boiler, the furnace-tubes were 
much reduced in thickness and were out of a true circle, being i^ inches 
larger in diameter horizontally than vertically, and one of them collapsed 
at the ordinary working-pressure. 

In the explosion of a worn-out vertical steam-boiler, the stays were re- 
duced to nearly half their original diameter, and several of them were 
fractured. The fire-box was much reduced in thickness, and it collapsed 
and caused the destruction of the boiler. 

In the explosion of a worn-out vertical steam-boiler, all the plates were 
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much thinned by corrosion caused by bad feed-water, and the fire-box vas 
so much weakened that it was unable to bear the usual working-pressure 
and it collapsed. 

In the explosion of a worn-out vertical steam-boiler, the fire-box collapsed 
from weakness due to extensive wasting of the plates on the fire-side, caused 
by sulphurous fumes from the fueU 

In the explosion of a worn-out marine return-tube boiler, the shell was so 
much reduced in thickness by both external and internal corrosion, that it 
was unable to bear the usual working-pressure, and it ruptiu'ed and was 
torn completely from the tubes. 

In the explosion of a worn-out stationary steam-boiler, some new plates 
which had been recently added to the shell tore away from the old plates, 
and the boiler was blown to pieces. The greater expansion of the new 
plates, which were much thicker than the old shell-plates, severely strained 
the old plates, and induced such weakness in the structure, that it was 
unable to bear the usual working-pressure. 

Careful examinations of all these worn-out boilers would have re- 
vealed their dangerous condition, and the explosions might have been 
prevented. 

Numerous explosions have occurred of partly worn or second-hand 
boilers. These boilers should never be purchased unless declared good and 
sound by competent experts. 

Defective Fittings of Steam-Boilers. — The fittings of steam-boilers 
are frequently found in such a defective condition as to endanger the safety 
of the boilers. 

Blow-off cocks frequently leak, and allow a considerable quantity of water 
to escape from the boiler. They are frequently so much wasted by corrosion 
as to be liable to be either broken or twisted off on opening and closing 
them. The blow-off elbow-pipe connecting the cock to the boiler is 
frequently so much wasted by corrosion as to be in a dangerous condition. 
The waste-pipes of the blow-off cock are frequently seriously corroded. 
The corrosion of blow-off cocks and pipes is frequently caused by 
accumulation of damp ash. 

Water-gauges are frequently of such inferior metal that it is seriously 
impaired by high temperature and rendered rotten, and the gauges are 
liable to be easily broken, or twisted off, when moving the plugs in testing 
the cocks. The passages of water-gauges and test-cocks are frequently 
found more or less choked with scale, and the plugs of the cocks are 
frequently in a defective and leaky condition. 

Feed-valves are frequently in a defective condition, the passages and 
feed-pipes are frequently more or less choked with scale, and the feed- 
pipes are frequently much thinned by corrosion. 

Safety-valves have frequently been found rusted fast to their seats, and 
the levers rusted fast in the joints. 

Fusible-plugs are frequently found either thickly encrusted with scale, or 
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in a worn-out condition; or rendered inoperative by the adherence of a 
thick coating of hard deposit on the fire-side. 

Steam-fittings should be frequently examined and adjusted, and kept 
clean and in good order. 

l«0aky Joints of Steam - Boilors. — Leaky seams may be caused 
by defects in the proportions or workmanship of the joints, deposits 
of scale, defective circulation, and unequal expansion and contraction. 
They are frequently caused by strains produced by difference in tempera- 
ture in different parts of the boiler, by sudden contraction due to the 
admission of cold air or cold water to the hot plates, and also to blowing 
off the boiler when at a high temperature. 

Leakage at the seams of the furnace-tubes has been frequently caused by 
unequal expansion due to raising steam too rapidly, and to lighting the fires 
in, and firing, one of two or more furnace-tubes instead of both or all of 
them in getting up steam. 

Leakage is frequently caused by the omission of breathing space, or by 
staying the parts so rigidly as to interfere with expansion, and by strains 
produced on one part by the expansion of another part of the structure, 
and by the greater expansion of one part than another. 

Leaks at seams of combustion-chambers of marine return-tube boilers 
may be caused by strains from the longitudinal expansion of the furnace- 
tube for want of elasticity in the tube-plates. 

Leaks at the ends of tubes may be caused by a coating of grease or scale 
on the tube-plate, by imperfectly-expanded tubes, by the impingement of 
intense heat on the tube-plate, and by overheating due to insufficiency of 
access of water to the tube-ends and tube-plates. It is frequently caused 
by distortion of the holes in the tube-plate for want of accommodation 
of the expansion of the tubes, and by excessive pressure on the tube-plate 
of the fire-box or combustion-chamber produced by the roof-stays. 

Leakage at the stays is frequently caused by unequal expansion, and 
excessive rigidity of the structure. 

Leaky seams due to defective workmanship may generally be remedied 
by either caulking the plates, or inserting new rivets, but when the leakage 
proceeds from resisted expansion, the staying should be altered to provide the 
necessary breathing spaces. Leaks, from whatever cause they proceed, 
should receive immediate attention, as they generally indicate either bad 
treatment of the boiler, or defects in the construction or workmanship, 
which may produce more serious results. 

Txerention of Btoam- Boiler Explonoae. — The employment of 
trustworthy and experienced attendants, the maintenance of boilers in good 
condition, and working them under efficient periodical supervision of 
reliable and competent independent inspectors, are the best means of 
preventing explosions. 

Bzploeion of Tnel-Oasee in the Fines of Steam-Boilers. — Acci- 
dents have frequently occurred from the accumulation of gas in the flues 
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of boilers when the dampers are closed, resulting In either blowing the fire- 
doors open and scattering the fire over the stokehole, or in ignitii^ the 
soot and setting fire to the chimnej. If the dampers are tigfatlj dosed 
when the furnaces are heavilj charged ^th coal, an accomuiation of gas is 
liable to form, which maj ignite and explode when air is admitted to the gas 
on raising the dampers. 

FneWEconomisers have been frequently shattered bj ejq>losions of fnel- 
gas inside their brick-chambers and outside the economisers. 

Xiis of Matta-BoUns. — ^The life of a steam-boiler depends principally 
upon die excellence of its design, materials, and workmanship, the puriqr of 
its feed-water, the nature of the fuel, and also upon its treatment and the 
care bestowed upon it in ser\ice. Lancashire boilers frequently last at leafit 
a quarter of a century, during which time few, if any, repairs are required. 
l*he life of a locomodve-boiler is, on an average, ten years, during which 
time frequent repairs are necessary, especially to the fire-box, which cmly 
lasts from 3 to 6 years on an average. Marine boilers of locomotive t^pe 
generally last ten years. Some marine return-tube boilers have been worn 
out in twelve years, others have lasted longer. It is difficult to state the 
life of a water-tube boiler, because as the tubes wear out they are replaced. 
Some water-tube boilers have been worn out in thirteen years, others have 
lasted longer. 

Well-made steam-boilers, of good materials, properly cared-for, kept in 
good repair and used under favourable conditions, have been recorded to 
have satisfactorily worked continuously for the following periods: — 

Years of Service. 

Egg-ended boilers . .40 

Cornish-boilers . . -35 



Lancashire-boilers . .33 

Locomotive-boilers . . • 24 
Multitubular-boilers, various . 22 



Years of Scrrioe. 

Vertical cross-tube boilers . .21 
Boilers of portable-engines, loco- 
motive type . . .20 
Return-tube boilers . . 18 
Water-tube boilers . .15 

These types of boilers, when worked under less favourable conditions, 
have been frequently worn out in from one-third to one-half these numbers 
of years. It cannot, therefore, be stated how long a steam-boiler should 
last. The principal causes of the premature decay of steam-boilers are bad 
feed-water, neglect, and bad treatment. 

Bpedal Typ^a of Boilers. — There are so many patent boilers that they 
cannot be described in this work. Some are good steam-generators, others 
have no features of practical value. 

For many of these boilers a very high evaporative efficiency is frequently 
claimed, but as the normal evaporative power of a boiler may dtuing an 
ordinary test be easily increased from 30 to 50 per cent, by expert firing, 
it is prudent to be dubious of the performance, and to scrutinise the re- 
sults of tests of boilers which, under ordinary working conditions, show an 
evaporation of more than 10 pounds of water per pound of coal, from 
cold, or moderately cold, feed water. 
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for locomotive fire-boxes, 124. 
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Bar, length required to form a hoop, 198. 
Bar-stays, proportions of, 238, 239. 
Belleville's water- tube boiler, 291, 292, 

357. 

Bending-tests for wrought-iron-plates, 193. 

for mild-steel plates, 196. 

Birch, calorific power and evaporatiTe 
power of, 46. 

Bituminous coals, 19. 

Blast-pipe, exhaust-^team, 82. 

Blow-off cocks, 318, 319, 374. 

-off pipes, 319, 374. 

Blowing-off water from steam-boilers, 
342. 

Board of Trade tests for materials, 192. 

Boiler-explosions, 360 — 375. 

Boiler-plates, steel, 194—197. 

, wrought-iron, 193, 194. 
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, bursting-pressure of, 171, 173. 

, longitudinal strength of, 170. 

, transverse strength of, 169, 170. 

Boiler-tubes, 132 — 138. 
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, expansion of, by heat, 137. 

, heating surface of, 125, 135. 
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tube boilers, 135. 
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, tests for, 137, 138. 
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Boiler scale, 323 — 327. 

, loss of fuel caused by, 326, 327. 

, prevention of, 325, 326. 

Boiler stay- tubes, 138. 

— ; , sectional area of, 239, 240. 

Boilers, compound Galloway, 258, 259. 

, compound Lancashire and multi- 
tubular, 259, 260, 261, 262. 

, Cornish, 246, 247, 353. 

Boilers, efficiency of, 6, 141 — 144. 

, egg ended, 245, 246. 

, externally fired multitubular, 262 — 

264. 

Boilers, fire-grates of, 26, 28, 85, 112— 114, 

151, 157. 

for burning liquid-fuel, 33 — 35. 

, Galloway, 255, 257. 

, heating surface of, 26, 28, 33, 

120—146, 164, 165. 

, Lancashire, 248 — 254. 

, locomotive, 265 — 268. 

Boilers, marine-return, 270 — 278. 

, multitubular, 260, 261. 

, non-conducting coverings for, 

15- 

, portable, 268—270. 

, portable, with straw burning appa- 
ratus, 27. 

, specially arranged for burning refuse 

fuels, 264, 265, 269, 270. 
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Boilers, stationary of locomotiTe type, 261 » 
262. 

Boilers, steam-space of, 148, 149. 

, three-flued, 254, 255. 

, vertical cross tube, 281 — 283. 

, vertical tubular, 285, 

, water tube, 287— 30a 

Boiling points of liquid, loi, 102. 

of saturated solutions of various- 
salts, 102, 103. 

Bolts of steam-pipes, 308 — 310. 

, proportions of, 310. 

, tensile strength of, 193, 235. 

Brass, conducting-power of, 9. 

, expansion of, by heat, 16. 

smoke-tubes, composition of, 138. 

, specific heat of, 5. 

, strength of, at high temperatures, 

200 — 202. 

Brass smoke-tubes, 136, 137. 

BreeEe, calorific power and evapor&tiTe 
power of, average, 45. 

, coke, 24. 

Brickwork casing of water-tube boileis, 
299. 
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boilers, 251—253. 
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159. 
of fires of steam-boilers, split, 158, 

159. 

Briquettes of coal-dust, cokenlust, and 
sawdust, 26. 

British thermal unit, 4. 

Brown coal, 20. 

Brush-wood, calorific power and evapora- 
tive power of, 46. 

Buildings, heating of, by steam, 358, 359. 

Bulk of coal, 23. 

Bureau Veritas, tests for materials, 192. 

Burning qualities of coals, 23. 

Bursting- pressure of cylindrical boiler- 
shells, 171, 173. 

Butt-joints, 212, 219, 221 — 225 

straps, 219, 221. 
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fuels, 44—46. 

value of various gaseous fuels, 30. 

Calorimeter for determining the odorific 
power of coal, 43, 44. 

for determining the quantity of mois- 
ture in steam, 350, 351, 352. 
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Capacity, evaporative, average of Gallo- 
way Vioilers, 257. 

of feed-pumps for steam-boilers, 321. 

of the steam space of steam-boilers of 

different types, 148, 149. 

, steam-producing, of different types of 

steam-boilers, 114, 115. 

, water, of different types of steam- 
boilers, per square foot of heating sur&ce, 
146. 

Caps of factory chimneys, 79, 80. 

Carbon, 35. 

burning to carbonic acid, calorific 

power and evaporative power of, 4$, 
46. 

, quantity of air required to support 

the combustion of, 40. 

, specific heat of, 5. 

, unburnt, loss from, in boiler-furnaces, 

63. 

Carbonic acid, composition of, 38. 

, produce of, from carbon, 39. 

, specific heat of, $, 

— - oxide burning to carbonic acid, calo- 
rific power and evaporative power of, 
46. 

oxide, composition of, 38. 

Cast-iron caps for the chimneys of factory 
steam-boilers, 79, 80. 

fire bars, 156. 

, heat-conducting power ofi 9. 

, shearing strength of, 200. 

, specific heat of, 5. 

steam-pipes, 308, 309. 

steam-pipes, bolts for, 308—310. 

, strength of, at high temperatures, 

201, 202. 

Cast-steel, specific heat of, 5. 

Caulking riveted joints, 230, 231. 

Causes of explosions ol steam-boilers, 

^ 360—375- • 

Chalk, heat-conducting power of, 9. 

Charcoal, air required for the combustion 
of, 41. 

, calorific power and evaporative 

power of, 46. 

, compressed, 26. 

, peat, 25. 

, quantity of heat radiated by, 9. 

, specific heat of, 5. 

, wood, 25. 

Chemical combinations, 35, 36. 

Chimneys, draught-power of, 68. 

, flues o(, 75. 

for factory-boilers, caps for, 79, 8a 

for factory steam-boilers, construction 

of, 76. 

for factory steam-boilers, lightning- 
conductors for, 81. 

for factory steam-boilers, stability of 

78. 

for factory steam-boilers, thickness of 

walls of, 78. 
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of fuel-gases in, 72, 73. 
for factory steam-boilers, weight of, 

required to resist the pressure of the 

wind, 78, 80. 

for factory steam-boilers, wrought- 

iron, 80, 81. 

for locomotive-boilers, 81, 

for marine-boilers, 81. 

for portable-boilers, 81. 

for steam-boilers, 68 — 81. 

for vertical-boilers, 81. 

for the steam-boilers of factories, 73 — 

75. 78. 
, fuel expended in producing draught 

in, 7a 
, height of, required for different rates 

of combustion of coal, 71. 

, steam-blast in, 82. 

Circulating-tubes, 149, 150. 

Circulation of water in steam-boilers, 99> 

100. 

, defective, 100. 

in Cornish boilers, 247. 

Classes of coal, 18. 
Clinker, specific heat of, 5. 
and ash of coal, 22. 

and ash, determination of the heat 

lost in, 22, 23. 

I Coal, air required for the combustion of, 

39-41. 

I , ash and clinker of, 22, 23. 

I ash of, average quantity yielded by the 

combustion of various kinds of, 20, 21. 

, bulk of, 23. 

, calorific power of different kinds of, 

45- 

, calorimeter for determining the calo- 
rific power of, 43, 44. 

, classes of, 18. 

, composition of various kinds of, 20, 

21. 

, consumption of, for a given evapora- 
tion by different types of steam-boilers, 

358. . 

, description of, 17. 

, draught required for the combustion 

of, 70. 

dust briquettes 26. 

, evaporative power of different kinds 

of, 45- 

, flame of, 21. 

, foreign, 20, 21. 

, heat radiated by, 9. 

, mixed, 21, 45. 

, specific heat of, 5. 

, storage of, 19. 

, theoretical quantity required for the 

development of one indicated horse- 
power, 54, 161. 

, weight of, 23. 

Coal-gas, air required for the combustion 
of, 41. 
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Coal-gas, composition and heating-power 
of, 30, 44. 

^ quantity required to generate 

steam in a boiler, 31. 

Coil-boilers, heating surfiice of, per indi- 
cated horse-power» 145. 

, HerreshoflTs, 296, 297. 

Coke, 23. 

, air required for the combustion of, 

41. 

, calorific power of, 23, 45. 

dust briquettes, 26. 

, evaporative power of, 24, 4$. 

, specific heat of, 9. 

, to bum economically, 24. 

Coking- firing, 48. 

Collapsed furnace tubes, examples of, 178, 
366—368. 

Collapsing pressure of circular fire-boxes of 
vertical boilers, 185, 186. 

fumace-tubNBs of various forms, 

17s, 182. 

Colour-temperatures, 58. 

Colza oil, heating-power and evaporative- 
power of, 45. 

Combustibles, 17—46. 

Combustion, 35—43. 

, air required for, 39 — 41. 

, draugnt required for, 70. 

, efficiency of, 55, 57. 

, heat of, 41—43. 

, heat energy of, 53, 54. 

, height of chimney required to effect, 

71. 

, maximum temperature of, 54, 55. 

, rate of, in the furnaces of steam- 
boilers, 52. 

with forced draught, 82 — 92. 

with natural draught, experiments on, 

86-88. 

Combustion-chambers of marine return- 
tube boilers, 27a 

, roof-stays of, 240, 241. 

Comparison of the weight of steam-boilers 
of various types, 299, 300. 

Composition of asbestos, 12. 

of the ash of coal, 22. 

of brass for smoke-tubes, 138. 

of briquettes of coal-dust, coke-dust 

and saw-dust, 26. 

of coal from various localities, 20, 2i. 

of coke, 23. 

of charcoal, 25. 

of gaseous fuels, 30. 

of the gaseous products of combustion, 

61. 

of matter in the formation of coal, 17. 

of sea- water, 94. 

of water, 93. 

Compositions for covering steam-boilers 
and steam-pipes, 13, 14. 

Compound engines, consumption of coal 
by, 54. 



Compound Galloway boiler, 258, 259. 

Lancashire and multitubolar boiler, 

259, 260, 261, 262. 

Compressed charcoal, 26. 

Compressive stress on furnace- tubes, 182, 
183. 

Conduction of heat, 9, 10, 121. 

Conductive value of metals for the heating- 
surfaces of boilers, 15, 16, 121. 

Conductors, lightning, 81. 

Cone circulating tubes, 149, 15a 

Constituents, elementary, of fuel, 36. 

Construction of factory chimneys, 76, 78. 

Consumption of coal by different types of 
boilers for a given rate of evaporation, 

358. 

of coal per indicated horse-power of 

steam-engines of different types, 54. 

of water by steam-engines, 163, 164. 

Contraction of area under tensile stress, 

19a 
Convection, 98, 99. 
Conversion of heat into work, 4 — 6. 
Copper, conducting power of, 16, 121. 

, effect of heat on, 311, 312. 

, expansion of, by heat, 16. 

, for fire-boxes, rivets, and stud-stays, 

199. 

plates, weight of, 199. 

smoke-tubes, 136, 137. 

smoke-tubes, expansion of, by heat, 

137. 

, specific heat of, $. 

steam-pipes, 310, 311. 

steam-pipes, explosions of, 372. 

, strength of, at different temperatures, 

201, 202. 

Cord of wood, 28. 

Cork, heatiiis-power and evaporative- 
power of, 40. 

coverings for steam-boilers, ii. 

Corliss engines, consumption of coal by, 54. 

Cornish filers, area of fire-grate sur&ce 
of, per indicated horse power, 153. 

, area of heating surface of, per 

indicated horse power, 145. 

, area of heating surface of, re- 
quired for a given evaporative capa- 
city, 132. 

, chimneys for, 67 — 81. 

, circulation of water in, 247. 

, coal consumption by, for a given 

evaporation, 358. 

, description of, 246. 

, efficiency of heating sur&ce ofi 

rules for, 141 — 144. 

, evaporative capacity of, 255. 

, evaporative power of, rule for 

the, 140. 

, evaporative power of a square 

foot of fire-grate surfiace of, 1 14. 

, furnace- tubes of, 174 — 185, 247. 

, gusset-stays for, 232—234. 
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Cornish boilers, heating surface of, 247. 

, proportion of fire-grate surface 

to heating-surface, average, 155. 
-, results of evaporative tests o^ 



353. 



114. 



-, setting of, 251—253. 

steam produciz^ capacity of, 



, strength of the shells of, rules 



for the, 169—174. 

, transmission of heat by, 130. 

, water contents of, per square 

foot of heating-surface, 146. 
-, weii;ht of, 256. 



Corrosion in steam-boilers, 327, 328. 
, explosions of steam-boilers from, 361 

—365. ^ 

Corrt^ted lamace- tubes, 181. 

Cotton-stalks, heating-power and evapora- 
tive-power of, 46. 

Coverings for steam-boilers and steam- 
pipes, 10 — 15. 

for steam-boilers, heat radiated by, 

14, 15. 

of different kinds for steam-boilers, 

heat-saving value of, 10, 11. 

of different kinds for steam-boilers, 

heat transmitted by, 13. 

Covering-strips of riveted joints, 219, 221. 
Creosote, air required for the combustion 

of, 41. 

and tar, method of burning, 34. 

oil fuel, 33. 

Cross-tube boilers, 281 — 284. 

Crude petroleum oil fuel, 31, 32. 

Culm, 53. 

Cylindrical boiler shells, 170 — 173. 

shells, strength of the flat ends of, 

231, 232. 



D. 



r)AMPER,48. 

■*-^ Dangerous temperature of metals, 

202. 
Dead-plate of furnace, 48, 158. 
Dead-weight safety-valves, 306. 
Defective circulation, 100. 

rivets, 208. 

Defects of water tube boilers, 289. 

De Naeyer's water-tube boiler, 145, X46, 

149, 294, 357. 
Derbyshire coal, composition of, 2a 
, calori6c power and evaporative 

power of, 45. 
Diagonal pitch of riveted joints, 215. 

seams, or riveted joints, 229, 23a 

stays, or palm-stays, 237, 238. 

Diameter of boiler-shells, 174. 



Diameter of rivet-holes, 215, 216, 219 — 

223. 
Dies for punches, 202—204. 
Different types of steam-boilers, 166. 
Dished ends of cylindrical shells, 232. 
Displacement of the atmosphere by smoke, 

60. 
Distillation of coal, 19. 
Distilled water, weight of, 94. 
, weight of, at different tempera- 
tures, 96, 97. 
Domes of steam-boilers, 286. 
Double-ended return-tube boilers, 278, 279. 
return-tube boilers, weight of, 

273. 274. 
Double-expansion engines, consumption of 

coal by, 54. 
Double - expansion engines, evaporative 

capacity of boilers suitable for, 160. 

, heating sur£Eu:e of boilers for, 

per indicated horse-power, 145. 

, power developed by the heating 

surfaces of boilers for, 164. 

, steam space of boilers for, 148, 

149. 
Double-riveted joints of steam-boilers, 212 

—224. 
Double-shear, rivets in, 209, 218. 
Draught of chimneys, fuel expended in 

producing, 70. 

, natural, experiments, 86—88. 

, forced, 82—85, 88—92. 

, forced, heating surface of boilers for, 

85. 
, forced, power required to drive fans 

for, 84. 

power of chimneys, 68 — 70. 

required for the combustion of different 

kinds of fuels, 70. 
Dryness of steam, calorimeter for testing, 

350> 351- 
Durham coal, composition of, 20. 



376. 



E. 



PBULLITION, 101. 

•*-' Economisers, fuel, 334— 337» 

Economy of forced draught, 83. 

Effect ot flue-tubes on the strength of the 

shell of a boiler, 171. 

of forced draught, 83. 

of heat on copper, 311. 

of heat on different metals, 200 — 202. 

of heat on water, 95. 

of steam-blast in the chimney on 

evaporation, 82. 
Effective heating-surface of boilers, 139, 

140. 
Efficiency of combustion, 56, 57. 
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Efciency of lad in the fanmon of ttcam- 

boilcn.47* 

of rteun-boikn, 6, 141—144. 

of the hcaimg m4ccs of ftem- 

boikti, 141. 
Efg-rod OT pbin qriiadfica] boflen^ de- 

icriptioB of, 245. 
EgS-cndcd or pUio qrlindricftl boOen, area 
of 6re-grate^saHace per indicated hoae> 
153. 

OT plain cylindrical boikn* 

heating soriioe oi^ r e qair cd fcr a 



given evaporatioD, 132. 

plain cylindrical boilen. 



craporatiTe tests of. 354. 

1 at plain cylindrical boilers, 

heatingsBnaccol^ per indicated horse- 
DO'VPer. I4$« 

, OT plain cylindrical boilers, era- 

poiat i ve power ol, 246, 354. 

1 OT plain cylindrical bmlers, era- 

porative power of, rule lor, 14a 

, OT plain cylindrical boilers, 

effidencT ol^ rule for the, 141. 
Elastic-limit of materials, 189, 19a 

ci riveted-joints, 225. 

Elasticity of materials, modulus ol, 189. 
EloogatMO under tensile stress, 19a 
End-plates, dished, of cylindrical shells, 

232. 

of steam-boilers, rivets fOT, 221, 222. 

, flat, of cylindrical shells, strength ol^ 

231, 232. 

of Lancashire boilers, 249. 

of steam-boilers, gusset-stays for, 232 

—234. 
Energy liberated by the explosion of a 

steam-boiler, 360, 361. 
Engines, consumption of coal per indicated 

horse-power of different types, 54. 
, steam, evaporative power of boilers 

suitable Iot different types of, 160. 
, steam, consumption of steam by 

different types of, 162, 163. 
, steam, power of the heating-surfaces 

of boilers for, 164. 
, steam, area of beating surface 

suitable for boilers for different types of, 

132. 
, steam, of different types, area of 6re- 

grate surface provided per indicated horse- 
power of. 152, 153. 
, steam, of Cerent types, area of 

heating sur&ce provided per indicated 

horse-power of, 145, 146. 
English coals, composition of, 20. 
, calorific power and evaporative 

power of, 45. 
Equivalent evaporation, 104, iii. 
Evaporation and coal-consumption, 35S. 

, equivalent, 104, iii. 

, factor of, I X i. 

of water to steam, 103. 



EvaporatiTe capacity of Cornish, Laaci- 
shne, and thiee-flned boOessi 255. 

of Galloway boilen^ 257. 

EvapoiatiTe power ci brceae and cokr, 24, 

45- 

of briquettes of coal dnst, coke- 
dust, and sawdust, 26. 

of coals, 45. 4^ 

of bquid-lbcl, 31, 32. 

of straw, 27, 46. 

of wood-fuel, 28, 39, 46. 

of wood-diarcoal, 25, 46. 

of sawdust, brash-wood, wood- 
chips, <x)Ctoo - stalks, cork, fiax- 
idiise, tan-fc6ise, and other lAac 
luels,4fi. 

of gaseoos lael, 31, 44, 4 c 

of nmnesoos Inds, 44 ^6. 

-ofnuniefonsoils,44,45. 

Evaporative vahie of heating ""^t%^ 122, 
123. 

value of the heating-snr&oes ci lire- 
boxes, 124, 125. 

Evaporative surface, temperature of, 122. 

OT heating surface, a6t, 28^ 33, 

85, 120—146, 164, 247, 250^ 264, 
266, 272, 273, 2»s, 285. 

Evaporative power of different types of 
steam-fxxlefs, 112. 

of a boiler with different rates of 

combustion, 113 — 114. 

of the fire-grate sor&ce of 

different types of boilers, 112, 114. 

of steam-boilers, 140, 141. 

tests, of different types of boilers, re- 
sults of numerous, 112, 353 — 357. 

Evaporators for sea-water, 337 — ^342. 

Exhaust-steam-blast in chimneys, 82. 

Exhaust-steam, heating feed-water by, 329 
— 33». 

Expansion-joints for steam-pipes, 315. 

Expansion of metals by heat, 16. 

of steam-pipes, 314, 3 1 5* 

of smoke-tubes by heat, 137. 

of water by heat, 96. 

Expansive-force of heat, 16, 17. 

Experiments on forced draught, 8&— 91. 

on induced draught, 92. 

on natural drau^t, 86 — 88. 

on riveted joints, 225 — ^229. 

Explosion of a steam-boiler, power libemted 
by the, 360, 361. 

of fuel-gases in the flues of steam- 

boUers, 375, 376. 

Explosions of steam-boilers, causes of, 36a 

of steam-boilers from corrosive groov- 
ing, 362. 

of steam-boilers from external coiro- 

sion, 364, 365. 

of steam-boilers from internal corro- 
sion, 361, 362. 

of steam-boilers from fractured plates^ 

372. 
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Explosions of steam-boilers from hidden 

flaws, 371. 
of steam-boileis from over-heating, 

365-369. 
of steam-boilers from over-pressure, 

369—371. 

of worn-out steam-boilers, 373, 374. 

External corrosion, explosion of steam- 
boilers from, 364, 365. 

Externally-fired stationary cylindrical multi- 
tubular boilers, 262— -265. 

plain cylindrical boilers, 245, 246. 

plain cylindrical boilers, results of 

evaporative tests of, 354. 

plain cylindrical boilers, heating 

surface required for a given evaporation, 
132. 

plain cylindrical boilers, heating 

surface o( per indicated horse-power, 

145. 

stationary cylindrical multitubular 

boilers, heating surface of, 145, 264. 

' stationary cylindrical multitubular 

boilers, weight of, 265. 
Eye-bar sUys, 238, 239. 



■p ACTOR of safety of steam-boilers, 173. 

of evaporation, in. 

Factory chimneys, caps of, 79, 80. 

, construction of, 76—78. 

, height of, 71, 73, 78. 

, stability of, 78. 

, weight of, 78, 80. 

, wrought-iron, 80, 81. 

Fans for forced draught, power required to 

drive, 84. 
Feeding steam-boilers, 322. 
Feed-pumps, 321. 

Feed-back pressure valves, 321, 322. 
Feed-water for steam-boilers, 92 — 94. 
water for steam-boilers, purification 

of; 324, 325. 

water for steam-boilers, softening, 

323, 324. 

Feed-water-heaters, 333-337- 

water-heaters, proportions of, 334, 

336. . 

water heating, 329—337. 

wafer heatine, advantage of, 337. 

water, supplementary for marine- 
boilers, 323. 

water, supplementary for marine 

boilers, evaporators for, 337 — ^342. 

Felt, hair, heat-conducting power of, 9. 

, hair, heat transmitted by, 13. 

Fire for forced draught, thickness of, 84. 

of a steam-boiler, thickness of the, 47. 

Fire-bars, 155—157. 



Fire-bars, proportions of, 
•bars, weight of, 156. 



155. 



Fire-bridges of steam-boilers, 157 — 159. 

bridges, space above, 15S. 

bridges, split, 158, 159. 

Fire-boxes, circular of vertical boilers, col- 

lapsing pressure of, 185, 186. 

boxes, copper for, 199. 

boxes, evaporative value of; 124, 125. 

boxes, heating-sur&ce of, 123, 124. 

boxes, mild -steel for, 196. 

boxes, modified form of, 124. 

boxes, roof-stays of, 240, 241. 

boxes, water space of, 125. 

Fire-grates of steam-boilers, 150 — 155. 
Fire-grates, surface required for burning 

vegetable refuse fuels, 26. 
grates, surface required for burning 

wood, 28. 
Fire-grate surface of steam-boilers, area of, 

151— 154. 
-grate surface of steam-boilers for 

forced draught, 85, 155. 
grate surface of steam-boilers, ratio of, 

to heating-surfiau:e, 154, 155. 
grate surface of different types of 

boilers, evaporative power of a square 

foot of, 112— 114. 
grate surface of different types of 

boilers, steam - producing capacity per 

square foot of, 114, 115. 
grate sur&ce of locomotive boilers, 

266, 267. 
grate surface required for different 

rates of combustion and consumption per 

indicated horse- power of the ensine, 153. 
, area of, usually provided in steam- 
boilers per indicated horse-power of the 

engine, 152, 153. 
, area of, required for a given rate of 

evaporation, 154. 
, power developed per square foot of, 

in different types of boilers, 154. 
Firing steam-boilers, 47—49. 
Fittings for steam-boilers, 316 — 319. 

of steam-boilers, defective condition 

of, 374. 

of steam-boilers, weight of, for dif- 
ferent types of boilers, 256, 257, 265, 
268, 270, 274, 284, 285. 

Flame of coal, 21. 

Flanged seams of furnace-tubes, 179, 183. 

Flanges of cast-iron steam-pipes, 308. 

of copper steam-pipes, 311. 

Flanging steel, 196. 
Flashing-point of fuel-oil, 31. 

point of petroleum-refiise, 33. 

Flat ends of cylindrical shells, strength of, 

23it 232. 

ends of cylindrical shells, gusset* 

SUys for, 232—234. 

Flax-refuse fuel, calorific power and evapo- 
rative power of, 46. 
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Flow of steam through pipes, 312, 313. 
Flue-tubes of steam-boilers, 174 — 185. 
Flues, main, of chimneys, 75. 

of Lancashire boilers, 251 — 253. 

Foaming, 116. 

Force exerted by substances in expanding 

by heat, 16, 17. 
Forced draught, 82—92. 

, economy of, 83. 

, effect ot, 83. 

, heating-sur£&ce of steam-boilers 

for, 85, 140. 

, thickness of fire for, 84. 

, smoke-tubes for, 85. 

Foreign coals, 20, 21. 
Form of boiler-shells, 167. 
Forms of riveted joints, 211 — 214- 
Fossil-meal covering for steam-boilers, beat 

saving value of, ii. 
-meal covering for steam-boilers, heat 

transmitted by, 13. 
Fractured plates, explosion of boilers from, 

372. 

sleam-pipes, 372. 

French coals, 21. 

Fresh -water, 92—94. 

Friction of the plates of riveted joints, 218. 

Fuel-economisers, 334 — 337. 

, proportions of, 336. 

Fuel expended in producing chimney- 
draught, 70. 

Fuel-gases, evolution of, 37. 

-gases, heat capacity of, 63. 

gases, heating feed-water by, 331, 

332,334-337. ^ ^. V . r . 

gases, saving effected m heating feed- 
water by, 331. 

gases, explosion of, 375, 376. 

gases, velocity of, 60, 72. 

gases, volume of, 59. 

gases, weight of, 62. 

Fuel, liquid, 31—34. 

Fuel-oil, 31— 33» 44, 45- 

oil, steam required to pulverise, 34, 

35- 

, straw, method of burning : and evapo- 
rative power of, 27. 

, vegetable refuse, 26. 

Fuels, temperature of ignition of, 36. 

, description of, 17 — 34. 

, draught required for the combustion 

of different kinds of, 7a 

, gaseous, 29—31. 

of different kinds, air required for the 

combustion of, 39 — ^41. 

, radiation of heat by, 8, 9. 

, specific heat of, 5. 

Furnace of steam-boilers for burning refuse 
fuels, 264. 

' of steam-boiler for burning wood, 28. 

Furnace-mouthpiece of Lancashire boilers, 
250, 251. 

tubes of steam-boilers, 174—185. 



Furnace-tubes, corrugated, 180, 181. 

tubes, plain, 179. 

tubes, resistance of, to change of form, 

178. 

tubes, nbbed, 182. 

tubes, steaming-capacity ofi 121, 122. 

tubes, compressive stress on, 182, 

183. 

tubes, flanged seams of, 183. 

tubes, anti-collapse, hoop-seams and 

strengthening rings for, 183, 184. 

! -tubes, various special forms of, 184, 

185. 

' tubes, strength of, or collapsing pres- 

' sure of, various rules for, 175—182. 
I tubes, comparison of calculated col- 
lapsing-pressures with actual collapsing 
pressures obtained by experiments, 180. 
! Furnaces of steam-boilers, temperature of, 

I 55-58. 

I of steam-boilers, colour-temperatures 

of, 58. 
of steam boilers, heat radiated in the, 

8,9. 
Fusible alloys, 320, 321. 
plugs for steam-boilers, 319, 32a 



G. 

riALLOWAY boilers, description of, 

^ 255.256. 

, capacity of space per square 

foot of heating-surface, 149, 

, compound, 258, 259. 

, effiaency of, rule for the, 141. 

, evaporative power of, rule for 

the, 140. 

, evaporative capacity of, 257. 

, evaporative tests of, results of, 

353. 

, modified type of, 257, 258. 

, steam-producing capacity of, per 

square foot of fire-grate surface, 114. 

, water contents of, per square 

foot of heating-surface, 146. 

, weight o? 257. 

Galloway cone-tubes, 149, 150. 

Gas, coal, 29—31, 44. 

, generator, 29, 30. 

, natural, 31. 

, water, 29—31. 

, weight of, yielded by coal, 67. 

Gas-coke, heating-power and evaporative 
power of, 24, 45. 

Gases in a chimney, weight of, 72. 

, specific heat of, 5. 

, volume and weight of, at different 

temperatures, 68. 

Gaseous fuels, description and beating- 
power of, 29 — 31. 
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Gaseous fuel, evaporative power of, 31, 44, 

45- 

products of combustion, 59 — 64. 

Gauges, steam, 316. 

, water, 317. 

Generator-gas, 29, 3a 

Girder roohstays of fire-boxes, 240, 241. 

Grate-bars, 155—157. 

Grate, fire, area of, usually provided in 

steam-boilers per indicated horse-power 

of the engine, 152, 153. 
fire, area of, required for a given rate 

of evaporation, 154. 
fire, power developed per square fool 

of, in different types of boilers, 154. 
Grates, fire, of steam-boilers, 150 — 155. 
, fire, of steam-boilers of different 

types, evaporative power per square foot 

of, 112— 114. 
, fire, of steam-boilers of different 

types, steam - producing capacity per 

square foot of, 114, 115. 
, fire, surface required for different 

rates of combustion, and consumption 

per indicated horse-power of the en^nes, 

'S3- 
, fire, of steam-boilers, area of, 151 — 

154. 
fire, of steam-boilers, surface required 

for burning vegetable refuse fuels, 26 ; 

and for burning wood, 28. 

, fire, for forced draught, 85, 155. 

fire, ratio of, to heating-sur&ce, 154, 

155- 

fire, for locomotive boilers, 266, 267. 

Green's fuel economiser, 335 — 337. 
Gripping-power of rivets, 211. 
Gun-metal, conducting power of, 9. 

, expansion of, 16. 

, strength of, at high temperatures, 

201, 202. 
Gusset-stays, rivets for, 221, 222. 
, rules for, 232 — 234. 



H. 



T-T AIR-FELT, heat-conducting power of, 
-^ ^ 9, 10. 

', heat transmitted by, 13. 

Harrison's water-tube boiler, 145, 146, 149, 

293, 294, 357. 
Heat, 3. 

, absorption of, 7, 8. 

-conducting power of liquids, 15. 

conducting power of materials, 9. 

conducting value of metals, 15, 16, 

121. 

, conduction of, 9, 10, 121. 

, conversion of, into work, 4—6. 

S.B.C. 



Heat, effect of on copper, 311, 312. 
"" ' diff 
202. 



I effect of on different metals, 200» 



-energy of combustion, 53, 54. 

, expansion of smoke- tubei by, 137. 

, expansion of steam-pipes by, 3x4, 

315. 
, expansion of various substances by, 

16. 

, expansion of water by, 96. 

, expansive force of, 16, 17, 

expended in the generation of steam, 

X04. 

lost by imperfect combustion, 63. 

, mechanical energy of, 5. 

, mechanical equivalent of, 4, 5. 

of combustion, 41 — 43. 

, quantity of, 4. 

, quantity required to evaporate water 

to steam, 103. 

, radiant, 7. 

, radiation of, 6 — 15. 

, radiation of, in the furnaces of 

steam-boilers, 8, 9. 

, rate of transmission of, 129, 130. 

, reflection of, 6 — 8. 

, specific, 4, 5. 

1 total, of steam, 104. 

transmissive capacity of the heating- 
surfaces of steam-boilers, 128, 129. 

transmissive poWer of metals, 121. 

transmitted by water-heaters, 334. 

utilized in the production of steam in 

a steam-boiler, 52, 53. 
Heaters for feed -water for steam-boilers, 

333— 338- 

Heating buildmgs by steam, 358, 359. 

buildings by steam, cubic contents of 

buildings lieated by steam per square 
foot of heating-surface of the boiler, 

358. 

building by steam, radiating surface 

of steam-pipes required for, 359. 
Heating feed- water for steam-boilers, 329. 

, savix^ effected by, 329, 331, 

332. 

, advantages of, 337. 

Heating and evaporative power of a great 

variety of combustibles, 44 — ^46. 
Heating by exhaust-steam, 329 — 331. 
Heating by fuel gases, 331, 332, 334— 

337. 
Heating-power of breeze, 24, 45. 
of briquettes of coal-dust, coke- 
dust and sawdust, 26. 

of charcoal, 25, 46. 

of coals, 45, 46. 

of coal-gas, generator-gas, and 

water-gas, 30. 

of coke, 23, 24, 45. 

of cotton-stalks, sugar-canes, 

rass, sawdust, and other refuse- 
lels, 26, 46. 

C C 
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fuel 
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Heating-power of creosote, 45. 

•^ — of creosote-oil, 45. 

of different gases 44, 45. 

of oils of various kinds, 44, 45. 

' of peat, 24, 25, 46. 

of peat-charcoal, 25. 

of petroleum, 31, 32, 44. 

— ^ of petroleum-refuse, 32. 

— of slack, 45, 46. 

of straw, 27, 46. 

of tan-refuse, 46. 

— of wood, 28, 29, 46. 

of wood -charcoal, 25. 

Heating-surface of steam-boilers, area of, 
^3h 132, 142—144. 

-surfiace of steam-boilers, area of, pro- 
vided in different types of boilers per 
indicated horse-power, 145, 146. 

-surface, effective, 139, 140. 

surface, efficiency of, 141 — 144. 

surface, relative evaporative value of 

different forms of, 127, 128. 

surface, relative value of different 

forms of, 138, 139. 

surface of boilers for forced draught, 

85. 

surface of boilers for burning wood- 
fuel, 28. 

surface of boilers for burning vege- 
table refuse fuels, 26. 

surface of boilers burning liquid fuel, 

33. 

surfaces of steam-boilers, 120 — 146. 

surfaces of steam-boilers, evaporative 

value of, 122, 123. 

• -surfaces of steam-boilers, heat trans- 
missive capacity of, 128, 129. 

-surfaces, temperature of, 122. 

surfaces of steam-boilers, power deve- 
loped by, 164, 165. 

surfaces of steam-boilers, thickness 

and conductive value of, 121. 

surface of Cornish boilers, 145, 247, 

surface of externally fired cylindrical 

multitubular boilers, 145, 264. 

surface of Lancashire boilers, 145, 

250. 

-surface of locomotive boilers, 145, 

266, 267. 

-surface of marine return-tube boilers, 

145, 272. 273, 278. 

surface of water-tube boilers, 145. 

surface of various kinds of boilers, 

145. 
surface of vertical cross-tube boilers, 

145, 283. 

surface of vertical tubular boilers, 

146, 285. 

• sur&ce of smoke-tubes, 125 — 127, 

»3S' 

■ -surface of fire-boxes, 123, 124. 

Height of water-level in steam-boilers, 147, 

148. 



Heine's water-tube boiler, 295, 357. 
HerreshofTs coil water-tube boileis, 296, 

297. 357. 

Hoops, angle, length of bars required to 
form, 197, 198. 

, plain, length of bars required to form, 

199. 

seams,anti-collapse, for steam-boilers, 

183. 

Horse-power of steam-boilers, 160 — 166. 

, actual, of steam-boilers, 162, 163. 

, nominal, of steam-boilers, 161. 

, normal, of steam-boilers, 165, 166. 

, quantity of water and coal theoreti- 
cally required for the development of 
one indicated horse-power, 161. 

Hydraulic-pump for testing boilers, 342. 

-test for steam-boilers, 342—344. 

test for steam-boilers, unreliability 

of, 370, 371. 

Hydrogen, 35. 

, heating-power and evaporative power 

of, 44. 

, specific heat of, 5, 



TGNITION-TEMPERATURE of fuels, 
^ 36. 

Illuminating-gas, 29—31, 44, 45. 
Improper firing of steam-boilers, 48. 
Incrustation, or scale, in steam-boilers, 323 

—327- 
Indian coals, 21. 

Indicated horse-power, area of fire-grate of 
different types of boilers, per, 152, 153. 

, capacity of the steam-space of 

boilers, per, 148. 

, developed per square foot of 

the fire-grate surfiice of steam-boileis, 

154. 
, heating-surface of different types 

of boilers, per, 145, 146. 
, theoretical quantity of coal and 

water required for the development of 

one, 54, 161. 
Induced draught, 92. 
Injectors for liquid-fuel, 33, 34. 
Injurious effects of incrustation in steam- 
boilers, 326. 
Internal corrosion, explosions of steam- 
boilers from, 361 — 364. 
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J. 

JOINTS of boiler-plates, 202. 
, rivets for, 206 — 209. 

, riveted, caulking, 230, 231. 

, riveted, diagonsd, 229, 230. 

, riveted, elastic limit of, 225. 

f riveted, forms of, 211 — 214. 

, riveted, proportions of, 214 — ^224. 

, riveted, results of experiments on, 

225 — 229. 

, riveted, of steam-boilers, 211 — 231. 

f riveted, strength of, 224, 225. 

, riveted, various diameters and pitches 

of rivets used in practice for, 222 — 224. 
, riveted, workmg-pressurc of steam for 

a given strength of, 224. 
, welded, 202. 



T AMPBLACK, 7, 9, 13. 

Lancashire boilers, chimneys for, 67 
—Si. 

boilers, coal-consumption of, for a 

^ven evaporation, 358. 

boilers, description of, 248, 253, 254. 

boilers, efficiency of, rules for the, 

141— 144. 
-- — boilers, evaporative power of, rule for 

the, 140. 

boilers, evaporative capacity of, 255. 

• boilers, evaporative power of a square 

foot of fire-grate sur£aice of, 113, 

boilers, flues of, 251—253. 

boilers, furnace-tubes of, 174 — 185, 

249. 

boilers, gusset-stays for, 232 — 234. 

boilers, heating-surface of, 132, 145, 

250. 
boilers, heating-surface of, per indi- 
cated horse-power, 145. 
boilers, heating-surface of, required 

for a ^ven evaporative capacity, 132. 
boilers, height of water-level in, 

148. 
boilers, results of evaporative tests of, 

353. . . , 

boilers, setting of, 251 — 253. 

boilers, steam-space of, per square foot 

of heating-surface, 149. 
boilers, steam-producing capacity of, 

114. 
boilers, strength of the shells of, rules 

for the, 169—174. 

boilers, transmission of heat by, 130. 

boilers, water-contents of, per square 

foot of heating-surface, 146. 
boilers, weight of, 256. 



Lancashire coal, 20, 45. 

Lap-joints of steam boilers, 212 — 224. 

of riveted joints, 219 — 221. 

Latent-heat of vaporisation, loi. 
Lever safety-valves, 304, 305. 

, over-loaded, over-pressure from, 

370. 
Lightning-conductors, 81. 
Lignite, 20, 21. 
, calorific power and evaporative power 

of, 46. 
Liquid -fuel, air required for the combustion 

of, 32, 41. 

, fire-box for, 34. 

, injectors for, 33, 34. 

, methods of burning in steam-boilers, 

32-35- 

, size of boilers for, 33. 

Liquid-fuels, 3'— 34. 44> 45- 

, composition, heating-power, and 

evaporative power of, 31, 32. 

Liquids, boiling-points of, loi, 102. 

, heat-conducting power of, 15. 

Lloyd's tests for materials, 192. 

Locomotive-boilers, 265 — 268. 

, area of fire-grate surface of, per in- 
dicated horse-power, 152, 153. 

, capacity of the steam-space of, per 

square foot of heating surface, 149. 

, chimneys for, 81, 

, coal-consumption of, for a given eva- 
poration, 358. 

, efficiency of, rules for the, 141 — 

144. 

, evaporative power of, rule for the, 

140. 

, expansion of the tubes of, by heat, 

, heating surface of, per indicated horse- 
power, 145. 

, heating surface of, required for a 

given evaporation, 132. 

, proportion of fire-grate surface to 

heating-surfiice, average, 155. 

, proportions of the heating surface and 

fire-grate surface of, 266, 267. 

, steam-space of, per indicated horse- 
power, 148. 

, thickness of the tubes of, 136. 

, tesU for the tubes of, 137, 138. 

, transmission of heat by, 130. 

, tubes of, draught-area, diameter, and 

length of, 132—134. 

, tubes of, heating surface of the, per 

foot in length, 135. 

, results of evaporative tests of, 356. 

, steam-blast for, 82. 

, stays for, 234—236. 

, steam-producing capacity of, 113, 

114, 115. 

, water-contents of, per indicated horse- 
power, 146. 

, weight of, 268. 

C C 2 
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Locomotive-type of boilers for marine- 
engines. 145, 147. 148, 149. 152, 15s. 
279 — 281. 

of boilers for portable-engines, 132, 

133. >34. 140, 146, 148, 153. 155. «58, 
269, 270. 356. 

of boilei s for stationary engines, 145, 

149, 261, 262, 354. 

Longitudinal stays for boilers, 236, 237. 

strength of boiler-shells, 170, 171. 

Loss of strength due to punching the rivet- 
holes in boiler-plates, 205. 

Low-water safety-valve, 306. 



M. 



ATAIN flues of chimneys, for factory . 

^^^ steam-boilers, 75. 

Manholes of boilers, 286, 2S7. , 



Marine boiler of modified locomotive type, 

description of, 279, 280, 281. 
of modified locomotive type, 

fire-grate surface of per indicated 

horse-power, 152. 
of modified locomotive type. 

heating-surface of per indicated 

horse-power, 145. 
ot modified locomotive type, 

proportion of the fire-grate surface 

to the heating-surface of, 155. 
of modified locomotive type, 

steam -producing capacity of, 115. 
of modified locomotive type, 

steam -space of per indicated horse- 
power, 148. 
of modified locomotive type, 

steam-space of per square foot of 

heating-surface, 149. 
of modified locomotive type, 

water-surface of, rule for the, 147, 
Marine boiler, straight flued, 278, 279. 
Marine return-tube boilers, description of, 

270 — 272. 
' — boilers, area of fire-grate surface 

of per indicated horse-power, 152, 

153. 

boilers, expansion of the tubes 

of, by heat, 137. 

boilers, efficiency of, rules for 

the, 141 — 144. 

boilers, evaporative power of, 

rule for the, 140. 

• — boilers, capacity of the steam- 
space of per square foot of heating- 
surface, 149. 

boilers, coal consumption for a 

given evaporation, 358. 



Marine return- tube boilers, height of the 

water-level of, 148. 
boilers, heating-surface of per 

indicated horse-power, 145. 
boilers, heating-surface of, for a 

given evaporation, 132. 
boilers, heating-surface of, 272, 

273. 

boilers, height of tulaes in, 135. 

boilers, results of evaporative 

tests of, 115, 355. 

lx>ilers, steam -space of per in- 
dicated horse-power, 148. 

boilers, transmission of heat by^ 

130. 
boilers, furnace-tubes of, 174 — 

185, 272. 
boilers, smoke-tubes of, draught- 

aren, diameter and length of, 132 — 

134. 
boilers, smoke-tubes of, heating- 
surface of the, per foot in length, 

135- 

— boilers, smoke-tubes of, thickness 

of, 136. 
boilers, test for the smoke-tubes 

of, 137- 
boilers, proportion of fire-grate 

surface to heatmg-surface, average, 

155. 
boilers, indicated horse-power 

developed per square foot ot fire- 
grate surface of, 154. 
boilers, stay-tubes of, 138, 239, 

240. 

boilers, stays for, 234—242. 

boiler.«, water-contents of per 

indicated horse-power, 146. 

boilers, weight of, 274, 275. 

boilers, single-ended, 271, 273 — 

278. 

boilers, funnels for, 81. 

boilers, steam producing capacity 

of, 113. 
boilers, water-surface of, or area 

of water-level, 147. 

double-ended, 278, 279. 

Materials, heat-conducting power of, 9. 

for the construction of steam-boilers^ 

description of, and tests for, 189 — ^202. 
Mechanical energy of heat, 5. 

equivalent of heat, 4---6. 

' stokers, 49, $2, 

Melting-points of metals, 58. 
Metals, expansion of, by heat, 16. 

, heat-conducting value of, 15, i6> 

121. 

, melting points of, 58. 

, tests for, 191 — 196, 199. 

, shearing strength of, 20a 

, specific heat of, 5. 

, strength of, at ditterent temperatures^ 

200—202. 
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^ Mild-steel, conducling-power of, 16. 
* , effect of heat on, '201, 202. 

, expansion of by heat, 16, 137. 

, shearing-strength of, 20a 

-, specific heat of, $. 

for boiler-plates, 194—197, 

for fire-box plates, 196. 

for flanging, 196. 

for stays and bolts, 193, 235. 

plates, analysis of, 195, 196. 

plates, bend ins tests for, 196. 

plates, strength of, 195, 201. 

plates, loss of tenacity in punching, 

plates, proportions of riveted joints 

of, 220. 

plates, elastic limit of riveted joints 

of, 225. 

plates, tests of riveted joints of, 225 — 

229. 

plates, weight of, 196, 197. 

smoke-tub^, 136, 137. 

— - stays, 235. 

Mineral-wool, ii, 12. 

Mixed coals, 21, 45. 

Modified fire-buxes, 124. 

Galloway boiler, 257, 258. 

Lancashire boiler, or three-flued 

boiler, 254, 255, 256. 

Modified locomotive type of boiler, descrip- 
tion of, 279, 280, 281. 

type of boiler, capacity of the 

steam-space of per indicated horse- 
power, 148. 

type of boiler, capacity of the 

steam-space of per square foot of 
heating- surface, X49. 

type of boiler, area of the fire- 
grate surface per indicated horse- 
power, 152, 

type of boiler, heating-surface 

per indicated horse-power, 145. 

type of boiler, proportion of the 

fire-grate surface to the heating-sur- 
face, 155. 

type of boiler, steam-producing 

capacity of, 115. 

type of boiler, water-surface of, 

rule for the, 147. 

Modulus of elasticity, 189. 

Morison's sea-water evaporator, 338, 339. 

Mounting for steam-boilers, 316 — 319. 

Mouth-piece of furnace-tube, 250, 251. 

Mudholes of boilers, 287. 

Mud-plugs of boilers, 319. 

Multitubular boilers, description of, 260, 
261. 

, results of evaporative tests of, 

354- 
, compound Lancashire and, 261, 

262. 
1 externally-fired stationaiy, 262 

—265. 



Multitubular boilers, externally- fired sta- 
tionary, results of evaporative tests of, 
354. 



N. 

VTATURAL draught, experiments on a 
^^ boiler with, SS—SS. 
Natural eas, 31. 

Newcastle coal, calorific power and evapora- 
tive power of, 45. 

, composition of, 20. 

, heat of, utilised in the produc- 



, weight and bulk of, 23. 

Nitrogen, 35. 

, specific heat of, 5. 

Nominal horse-power of steam-boilers, 
161. 

Non-conductiag coverings for steam-boilers, 
10—15. 

conductors of heat, 10. 

Normal indicated horse-power of steam- 
boilers, 165, 166. 

Nozzle of steam-blast pipe, size of the, 82. 



O. 

/^AK, composition of, 28. 

^^ , heating power and evaporative 

power of, 28, 46. 

, specific heat of, 5. 

, weight of one cord of, 29. 

bark, heating power and evaporative 

rwer of, 46. 
, heat radiated by, 9. 

fuel, 31— 33- 

fuel, air required for the combustion 

of, 32, 41. 
fuel, composition, heating-power, eva- 
porative power and specific gravity of, 

3I1 32- 

-fuels, methods of burning, in steam- 
boilers, 32—35* 

fuel, steam required to pulverise, 34, 

35. 
Oils, calorific power and evaporative power 

of numerous kinds of, 44, 45. 
Old boilers, explosions of, 373. 

, hydraulic tests of, 370. 

Overhead steam -pipes, heating buildiDgs 

by, 359 



390 



INDEX. 



Orerheating, explosioDS of steam-boilers 

from, 365, 369. 
Oxygen, 35. 
— , specific heat of, 5. 



pALM-STAYS, 237, 238. 

•'■ Paraffin, heating power and evapora- 
tive power of, 44. 

Patent iiiels, 26. 

, air required for the combustion 

of, 41. 

Peat, 24. 

, air required for the combustion of, 

, heating power and evaporative power 

of, 24, 46. 

Peat-charcoal, 25. 

Perkin's water-tube boiler, 296, 357. 

Petro'eum, calorific power and evaporative 
power of, 44. 

, crude-oil, composition, heating 

power, evaporative power, and specific 
gravity of, 32. 

fuel-oil, air required for the combus- 
tion of, 32, 41. 

fiiel-oi], composition, heating power, 

evaporative power, and specific gravity 
of, 31- 

- — iuel-oil, heating surface of boilers fired 
with, 33. 

fuel-oil, method of burning in steam- 
boilers, 32. 

refuse, composition, heating-power, 

evaporative power, and specific gravity 
of, 32. 

Phosphor-bronze for steam-fittings, 317. 

bronre, strength of, at high temj)cra- 

tures, 200, 201. 

Pipes, steam, 306 — 315. 

• , , area of, 306, 308. 

, , bolts for, 308-— 310. 

, , bursting pressure of, 311, 312. 

, , cast-iron, 308, 309. 

, , copper, 310, 311. 

, , coverings for, ic — 15. 

, , explosions of, 372. 

, , expansion of, by heat, 314, 

315. 

, , flanges of, 308, 311. 

, , flow of steam through, 312, 

313- 

, ' , for heating buildings, 359. 

, , fracture of, 372. 

1 , separator for, 315, 316. 

• , , strength of metals for, 312. 

-, , thickness of cast-iron, 308, 

309. 



Pipes, steam, thickness of copper, 310,311* 

, , water-hammer in, 315. 

, , weight of steam dischaiged by^ 

313- 
Pitch of the bolts of steam-pipes, 310. 

- of the rivets of riveted-joints, 214 — 
224. 

Pitches of rivets, various, used in practice 

for riveted-joints, 223. 
Pitting in steam-boilers, 328. 
Plain cylindrical, or egg-eoded boilers, 
description of, 24^. 

, , boilers, evaporative power 

of, rule for, 140. 

; , boilers, evaporative power 

of, average, 246. 

f , boilers, efficiency of 

the heating surface of, rule 
for the, 141. 

■ , , boilers, fire-grate surface 

of, per indicated horse-power, 

'53- . 

, , boilers, heating surface of, 

per indicated horse-power, 

145. 

, , boilers, heating surface of, 

required for a given evapora- 
tion, rule for, 132. 

, , boilers, steam -producing 

capacity of, 1 14. 

, , boilers, results of e%*apo- 

rative tests of, 354. 

, , boilers, water-contents of 

per square foot of heating- 
surface, 146. 
Plain fiimace-tubes, 179. 
Plaster of Paris, heat-conducting power of, 

9. 

of Paris, heat transmitted by, 13. 

Plates for fire-boxes, copper, 199. 

for fire-boxes, mild-steel, 196. 

for steam-boilers, mild-steel, 194— 

197. 
for steam-boilers, mild-steel, weight 

of, 196, 197. 
for steam-boilers, wrought-iron, 193. 

for steam - boilers, wrought - iron, 

weight of, 194. 

Plugs of cocks, taper of the, 317, 318. 

, fusible, 319—321. 

, mud, 319, 328. 

Portable boilers of locomotive type, 268, 
269. 

boilers, area through the tubes of, 

133- 

boilers, area of fire-grate of, 269. 

boilers, area of the blast-nozzle of the 

exhaust -pipe of, 82. 

boilers, chimneys for, 81. 

boilers, efficiency of, rules for, 141 — 

144. 
boilers, evaporative power of, rule for, 

140. 
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Portable boilers, expansion of tubes of, 

boiler, fire-grate sur&ce of, per indi- 
cated horse-power, 153. 

boilers, heating surface of, 269, 270. 

boilers, heating surface of, per indi- 
cated horse-power, 146. 

boilers, heating surface of, required 

for a given evaporation, rule for, 132. 

boilers, length and diameter of the 

tubes of, 133, 134. 

boilers, proportion of the fire-grate 

sui£u:e of, to heating surface, 155. 

boilers, results of evaporative tests of, 

348, 349. 356. 

boilers, steam-producing capacity of, 

114. 

boilers, thickness of tubes for, 136. 

boilers, water contents of, per indi- 
cated horse-power, 146. 

boilers, weight of, 270. 

Portable return-tube boiler, 269, 270. 

Power, actual, of steam-boilers, 162, 163. 

developed by the heating surfaces of 

steam-boilers, 164, 165. 

developed by a boiler of given evapo- 
rative capacity, 160. 

developed per square-foot of fire-grate 

in different types of boilers, 154. 

, evaporative, of boilers, nile for the, 

140. 

, nominal, of steam-boilers, 161. 

, normal, of steam-boilers, 165. 

of Cornish, Lancashire, and three- 

flued boilers, 255. 

of Galloway boilers, 257. 

, steam-generating, of boilers, 159, 

160. 
Pressure of steam, working, for a given 

strength of riveted joint, 224. 
Prevention of corrosion in ste 

328, 329. 

of scale in steam-boilers, 325, 326. 

Priming in steam-boilers, 1 16. 

Production of steam by different types of 

boilers, 113 — 115. 
Products of combustion, heat capacity of 

the, 63. 

of combustion, specific heat of the, 5. 

of combustion, velocity of, in a chim- 
ney, 72. 

of combustion, velocity of the, 60. 

of combustion, volume of the, 59, 62. 

of combustion, weight of the, 62. 

Properties of saturated steam, 1 04 — iii. 
Proportion of the evaporative surface of 

sea-water evaporators, 338. 
Proportions of bolts, 310. 

of Cornish boilers, 247. 

of feed-water heaters, 334. 

of fuel-economisers, 336. 

of Lancashire boilers, 249, 250. 

of locomotive-boilers, 267. 



steam-boilers. 



Proportions of marine return-tube boilers, 

271, 274^-278. 

of portable boilers, 269. 

of the riveted joints of steam-boilers, 

214 — 224. 

of vertical cross-tube boilers, 282, 283. 

of vertical tubular boilers, 2)85. 

of water-tube boilers, 299. 

Pump, feed, for boilers, 321. 

, hydraulic, for testing boilers, 342. 

Punched rivet-holes, 203. 

Punches and dies, 202 — 204 

Punching rivet-holes, loss of strength from, 

205, ^. 

, resistance of plates to, 203, 204. 

Pure water, weight of, 94, 96, 97. 
Purification of water by chemicab, 324, 

325. 
of water by heat, 324. 



Q. 

QUADRUPLE-EXPANSION engines, 
consumption of coal by, 54. 
engines, capacity of the steam- 
space of boilers for, per square foot 
of heating-surface, 149. 

engines, capacity of the steam-space 

of boilers for, per indicated horse-power 
of, 148. 

engines, evaporative - capacity of, 

boilers for, 160. 

engines, heating-surface of boilers per 

indicated horse-power of, 145. 
engines, water-surface of boilers for. 

Quantity of ash yielded by the combustion 
of coal, 20 — 22. 

of coal required for a given evapora- 
tion in boilers of different types, 350, 

of heat, 4. 

of gas required for a steam-boiler 

using gaseous fuel, 31. 

of heat required to evaporate water to 

steam, 103. 

of heat transmitted by heating-sur- 
faces, 130, 131. 

of moisture in wood, 27, 28. 

of steam condensed in heating feed- 
water by exhaust steam, 330. 

of steam produced per square foot of 

fire-grate surface in different types of 
boilers, 113— 115. 

of supplementary feed-water required 

for marine-boilers, 323. 

of water provided in different types of 

boilers per square foot of heating-surface^ 
146. 
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Quantity of water and coal theoretiodly 
required for the development of one in- 
dicated horse-power, i6i. 

•-^^ of sine required to prevent corrosion 
in Bteam-boilers, 328. 



R. 

T^ADIANT heat, 7. 

'''^ Radiating power of substances, 7. 

surface of steam-pipes for heating 

buildings, 359. 

Radiation from steam-boilers, 14, 15. 
from boilers and steam-pipes, cover- 
ings for the prevention of, 10 — 15. 

of heat, 0—15. 

of heat by different fuels, 9. 

Rain-water, 93. 

Ramie-refuse, 46. 

Range of steam-boilers, chimney for a, 73, 

Rate of combustion in the furnaces of 
steam-boilers, 52. 

of transmission of heat, 129, 130. 

Rates of combustion, height of chimneys 
for different, 71. 

Reflection of heat, 8, 

Refuse-fuels, 26, 46. 

' fuels, boilers with special furnaces for 

burning, 26, 27, 264, 265, 269, 270. 

Relative evaporative value of different por- 
tions of the heating-surfaces of steam- 
boilers, 127, 128. 

evaporative power of different por- 
tions of the lei^h of smoke-tubes of 
boilers, 126. 

value of different forms of the heating- 
surfaces of steam-boilers, 138, 139. 

Requirements of a good steam-boiler, 119, 
120. 

, test, of the governing authorities, 

191 » 192. 

Resistance of furnace-tubes to change of 
form, 178. 

- of plates to punching, 203, 204. 
Return-tube boilers, marine, capacity of the 

steam-space of, per square foot of heating- 
surface, 149. 

boilers, coal consumption for a given 

evaporation, 358. 

boilers, description of, 270—272. 

boilers, double-ended, 278, 279. 

boilers, funnels for, Su 

boilers, efficiency of rules for the, 

141— 144- 

boilers, evaporative power of, rule for 

the, 140. 

^—boilers, expansion of the tubes of, 
by heatj 137. 



Return-tube boilers, fire-grate surfue of, 
per indicated horse-power, 152, 153. 

boilers, furnace-tubes of; 121, 122, 

174—185, 272. 

boilers, heating-sur^e of, 272, 273. 

boilers, heating-surface of, for a given 

evaporation, 132. 

boilers, heating-surface of per indi- 
cated horse-power, 145. 

boilers, height of the lubes in, 135. 

boilers, height of the water-level of, 

148. 

boilers, indicated horse-jxjwcr de- 
veloped per square foot of fire-grate sur- 
face of, 154. 

boilers, marine, proportion of fire-grate 

surface to heating-surface of, 155. 
boilers, results of evajwrative tests of, 

"5, 355- 

boilers, single -ended, 271, 273 — 

278. 

boilers, smoke tubes of, draught-aiea, 

diameter and length of, 132 — 134. 

boilers, smoke-tubes of, expansion of 

the, by heat, 137. 

boilers, smoke-lubes of, heating-surface 

of the, per foot in length, 135. 

boilers, smoke-tubes o^ test for the, 

137. . 
boilers, smoke-tubes of, thickness of, 

136. 

boilers, stay-tubes of, 138, 239, 24a 

boilers, slays for, 234 — 242. 

boilers, steam-producing capacity of, 

"3. 
boilers, steam-space of, per indicated 

horse-power, 148. 

boilers, transmission of heat by, 130. 

boilers, water-surface, or area of the 

working water-level of, 147. 
boilers, water-contents of, per indicated 

horse-power, 146. 
— — boilers, weight of, 273, 274. 
Return-tube boilers, portable, 269, 27a 

boilers, stationary, 260. 

Ribbed furnace-tubes, 182. 

Rings, angle, length of bars required to 

form, 197, 198. 
, plain, length of bars required to 

form, 199. 
River-water, 93. 
Rivet-holes, 202. 
holes, diameter of, 215, 216, 219— 

223. 
holes, punched, loss of strength of, 

205, 206. 
Riveted joints of steam-boilers, 211 — 

331- 

, caulking, 230, 231. 

f diagonsil, 229, 23a 

, elastic, limit of, 225. 

1 forms of, 211 — 214. 

, friction of plates oif, 218. 
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Riveted joints, proportions of, 214 — 
224. 

, strength of, 224 — 23a 

, tests of, 225 —229. 

Rivets, copper, strength of, 199. 

, defective, 208. 

, forms and proportions of, 206 — 208. 

, gripping-power of, 211. 

, m single and double shear, 209. 

of end-plates and gusset-suys, 221. 

, of riveted joints of steam-boilers, 

206—209. 

, pitch of, 214 — 224. 

, shearing-strength of, 210, 211. 

, tests for, 208, 209. 

, wrought-iron and steel, strength of, 

193.209. 
Roof-stays of fire-boxes, 240, 241. 
Roots' water-tube boiler, 145, 146, 149, 

292—294, 357. 



S. 



SAFETY-VALVES, 303—306. 
valves, area of, 304. 

valves, dead-weight, 306. 

valves, lever, 304, 305. 

valves for high steam and low water, 

306, 307. 
Salt, explosions of boilers from accumula- 
tions of, 368. 

solutions, boiling-points of, 102, 103. 

water or sea-water, 94, 95, 323. 

water-evaporators, 337—342. 

Sand, heat-conducting power of, 9. 
Saturated solutions of various salts, boiling 

points of, 102, 103. 

steam, properties of, 104— ill. 

Saving effected by heating feed-water by 

exhaust -steam, 329. 
effected by heating feed-water to 

various temperatures, 331, 332. 
Sawdust, air required for the combustion 

of, 41. 

briquettes, 26. 

, calorific power and evaporative 

p>ower of, 46. 

, heat-conducting power of, 9. 

Scale, boiler, 323—327. 

, boiler, loss of fuel from, 326, 327. 

, boiler, prevention of, 325, 326. 

, boiler, weight of, 326. 

Screw-threads of bolts, Whitworth, 309. 

threads of stay-tubes, 240. 

threads of stud-stays, 236. 

Scum-cocks, 318. 

Scams, riveted, 211— 231. 

-1 — , riveted, diagonal, 229, 230. 



Seams, riveted, proportions of, 214—224. 

, riveted, strength of, 224 — 230. 

, welded, 202. 

Sea- water, 94, 95. 

for supplementary supply of feed- 
water for marine-boilers, 323. 

water-evaporators, 337—342. 

Semi -anthracite coal, 18. 

bituminous coal, 19. 

Separator for steam-pipes, 315. 

Setting of Cornish ana Lancashire boilers, 
251-253. 

of externally-fired cylindrical multitu- 
bular boilers, 263. 

of plain cylindrical, or egg-ended 

boilers. 246. 

of water-tube boilers, 291 — 295. 

of water-tube boilers, number of bricks 

required for, 299. 
Shearing strength ofmetals, 200. 

of rivets, 210, 21 1, 218. 

Shells of boilers, strength of, 168 — 173. 

, bursting pressure of, 169, 170. 

Shell-plates of boilers, arrangement of, 

167. 
plates of boilers, internal pressure on, 

167—169. 
Shepherd's water-tube boiler, 295, 357. 
Side-firing, 48. 
Siemens gas, 3a 

Silk, h eat-conducting power of, 9. 
Simple-engines, consumption of coal by, 

-engines, evaporative capacity of 

boilers suitable for, 160. 

engines, horse-power of boilers for, 

163. 
Single butt-straps, 219, 221. 
ended marine return-tube boilers, 

270—278. 

riveted joints, 212, 216, 218—223. 

shear, rivets in, 209, 218. 

Slack, 20, 45, 46. 

, draught required for the combustion 

of, 70. 
Slag-wool, or mineral-wool, 9, ii, 12. 

wool, non-conducting value of, 1 1. 

wool, description and weight of, 12. 

Smoke, 64. 

Smoke-tubes of boilers, 132—138. 

tubes of boilers, diameter of, 1 J4. 

tubes of boilers, draught-area oj, 132, 

133- 
tubes of boilers, expansion of by 

heat, 137. 
tubes of boilers, heating-surface of, 

125—127. 135. 
tubes of boilers, height of in marine 

return-tube boilers, 135. 

-tubes of boilers, length of, 133, 134, 

tubes of boilers, space between, 136 

tubes of boilers, tests for, 137, 138. • 

tubes of boilers, thickness of, 137. 
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Smoke-tubes, velocity of the fuel -gases 
through, 60. 

Smokeless firing of boilers, 49. 

Softening feed-water, 323, 324. 

Soot, effect of on heating-surfaces of boilers, 
64. 

Space above fire-bridges, 158. 

between smoke-tubes, 136. 

for water round fire-boxes, 125, 283. 

for water in return- tube boilers, 271, 

272. 

Special furnace- tubes, 185. 

Specific gravity of petroleum, 31, 32. 

heat, 4, 5. 

Sperm, calorific power and evaporative 
power of, 45. 

Spheroidal condition of water, 100, loi. 

Spirally corrugated fiirnace-tubes, 181, 
182. 

Split bridges, fire, of boilers, 158, 159. 

Spread -finng of boilers, 48. 

Spring-water, 94. 

Stability of chimneys for factory steam- 
boilers, 78. 

Stationary steam-boilers, compound Lan- 
cashire and multitubular, 259, 261, 262. 

steam-boilers, compound Galloway, 

258. 
steam-boilers, Cornish, 246, 247. 

steam-boilers, externally fired cylin- 
drical multitubular, 262— 265. 

steam-lK>ilers, Galloway, 255, 256. 

steam-boilers, Lancashire, 248 — 254. 

steam-boilers, locomotive type, 261, 

262. 

ste^m-boilers, modified Galloway, 

257, 258. 

steam-boilers, plain, cylindrical or 

egg-ended, 245, 246. 

steam-boilers, of portable type, 268 

—270. 

steam-boilers, return-tube, 260, 261. 

steam-boilers, internally fired cylin- 
drical multitubular, 261. 

steam-boilers, three-flued, 254 — 256. 

steam-boilers, results of evaporative 

tests of, 353, 354, 357. , 

steam-boilers, water-tube, 287 — 3CX). 

steam-boilers, vertical, 281—285. 

steam-boilers, fire-grates of, 20, 28, 

85, 112— 114, 150-155- 
steam-boilers, heating-surface oi^ 26, 

28, 33, 120-146, 164, 165, 247, 250, 

264, 283, 285. 

steam-boilers, steam-space of, 148, 

149. 

steam-boilers, water-contents of, 146. 

steam-boilers, steam-producing capa- 
city of, 114, 115. 

Stay-bars, proportions of, 238, 239. 

bolts, longitudinal, 236, 237. 

-bolts, direct, for the roofs of fire- 
boxes, 242. 



Stay.studs, 234—236. 

tubes, proportions of, 239, 240. 

tubes, thickness of, 138. 

Stays, diagonal, or palm, 237, 238. 

, gusset, 232, 234. 

, strength of metals for, 193, 235. 

— r-, stud, 234—236. 

Steam, evaporation of water to, 103. 

, flow of, through pipes, 312, 313. 

, heat expended in the generation of, 

104. 

, heating buildings by, 358, 359. 

, quantity condensed in heating feed- 
water, 330. 

, quantity required to pulverise fuel- 
oil, 34. 35- 

, specific heat of, 5. 

, saturated, properties of, 104 — iii. 

, total heat of, 104. 

, weight of, discharged through an 

orifice, like that of a safety-valve, 303. 

, weight of, discharged by steam-pipe, 

313. 

Steam-blast in chimneys, 82. 

-boiler explosions, 360 — 374. 

capacity of different types of boilers, 

112, 113. 

Steam-coal, composition of, 20. 

coal, calorific power and evaporative 

power of, 45. 

coal, heat of, utilized in the produc- 
tion of steam, 53. 

coal, weight and bulk of, 23, 

domes, 286. 

Steam-fittings, 316 — 319. 

fittings, defective condition of, 374. 

fittings, blow-off cocks, 318, 319! 

fittings, scum-cocks, 318. 

-fittings, steam-gauges, 316, 317. 

fittings, stop-valves, 313, 314. 

fittings, test-cocks, 317. 

fittings, water gauges, 317. 

Steam-generating power of boilers, 159, 
160. 

producing capacity of different types 

of boilers, 114, 115. 

Steam-pipes, area of, 306 — 308. 

-pipes, bolts for, 308 — 310. 

pipes, bursting-pressure of, 311, 312. 

pipes, cast-iron, 308, 309. 

pipes, copper, 310, 311. 

pipes, coverings for, 10 — 15. 

pipes, expansion of, by heat, 314, 

3'5- . , . , 

r -pipes, explosions of, 372, 

-pipes, flanges of, 308, 311. 

pipes, flow of steam through, 312, 

313. . 

pipes for heating buildings, 359. 

pipes, fracture of, 372. 

pipes, strength of metals for, 312, 

pipes, thickness of cast-iron, 30S, 309 

pipes, thickness of copper, 310, 311^ 



INDEX. 



395 



Steam-pipes, separator for, 315, 316. 

-pipes, water-hammer in, 315. 

pipes, weight of steam disdiarged by, 

313- 
Steam-space of steam-boilers, 148, 149. 
Steaming-capacity of furnace-tubes, 121, 

122. 
Steel, mild, anal)rsis of, 195, 196. 

, , bending tests for, 196. 

, , conducting-power of, 16. 

, , effect of heat on, 201, 202. 

, , elastic limit of riveted joints of, 

225. 
, , expansion of, by heat, 16, 

137. 

, , for boiler-plates, 194—197. 

, , for fire-box plates, 196. 

, , for flanging, 196. 

, , for stays and bolts, 193, 235. 

, , loss of tenacity in punching, 

206. 
, , proportions of riveted joints of, 

220. 

, , shearing strength of, 200. 

, , specific heat cm, 5. 

, , strength of, 193, 195, 196, 201. 

, , stays, 235. 

, , smoke- tubes, 136, 137, 

, , tests of riveted joints of, 225 — 

229. 

, , weight of, 196, 197. 

Stock-bricks, heat-conducting power of, 9. 

Stokers, mechanical, 49 — 52. 

Stone, heat-conducting power of, 9. 

Stop-valves, 313, 314. 

Storage of coal, 19. 

Straight flued marine-boiler, 278, 279. 

Strain on the bolts of the flanges of steam* 

pipes, 309. 
Straw, air required for combustion, 41. 

burning fire-box, 27. 

, draught required for combustion, 7a 

, evaporative power of, 27, 46. 

, heat-conducting power of, 9. 

Strength, tensile, 19a 

, shearing, of metals, 20a 

, shearing, of rivets, 210, 211. 

of boiler-shells, 168—173. 

of copper-plates, 199. 

of diagonal stays, or palm-stays, 237, 

238. 

of furnace-tubes, 175 — 182. 

of gusset-stays, 232—234. 

of longitudinal stays, 237. 

of mild steel-plates, 195, 196. 

of metals at high temperatures, 200— 

202. 

of metals for steam-pipes, 312. 

of punched plates, 205, 206. 

of riveted joints of steam-boilers, 224 

-23a 

of steam-pipes, 312. 

—^ of stud-stays, 234 — 236. 



Strength, tensile, of bar-iron, iron-stays 
and bolts, mild steel-stays and bolts, 
and rivets, 193. 

of wrought-iron plates, 193. 



T. 



and 



T^AN-REFUSE, calorific power 
-*■ evaporative power of, 46. 
Taper of the plugs of blow-off cocks, 318. 

of the plugs of scum-cocks, 318. 

of the plugs of mud- plugs, 319. 

of the plugs of test-cocks, 318. 

of the plugs of water-gauges, 317. 

Tar- refuse, air required for the combustion 
of, 41. 

refuse method of burning, 34. 

Tee-bars, weight of, 197. 
Temperature, 3. 

colour, 58. 

, effect of, on metals, 201, 202. 

, maximum of combustion, 54, 55. 

of feed -water heated by exhaust steam, 

33o» 33». 
of the furnace-tubes of steam-boilers, 

of heating-surfaces, 122, 

Tensile strength, 190. 

of bolts and stays, 193, 235. 

of copper, 199, 235. 

of mild steel, 195, 196. 

of metal for pipes of cast-iron, 

copper, wrought iron, and mild steel, 

of nvets, 193, 209. 

of wrought-iron, 193. 

Test of a fuel-economiser, 337. 

, hydraulic, for steam-boilers, 342 — 344. 

cocks, 317, 318. 

pump, hydraulic, for steam-boilers, 

34a. 
re<]uirements of the governing 

authonties, 191, 192. 
Testing materials, 189, 190. 
the condition of steam-boilers, 344, 

345. 

the dryness of steam, 350, 351. 

the evaporative performance of a 

steam-boiler, 345 — 349. 

Tests, evaporative, of steam-boilers, cal- 
culations relating to, 347, 348. 

, evaporative, of Galloway, Lanca- 
shire, and Cornish boilers, 353. 

1 evaporative, of marine, locomotive, 

and other boilers, 354 — 356. 

, evaporative, of water-tube boilers, 

, shearing of nvets, 210. 

for copper-plates, 199. 
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Tests for mild steel-plates, 196. 

for rivets, 193, 208, 209. 

for smoke tubes, 137, 138. 

for wrought-iron plates, 193. 

of materials, general physicd, 192. 

of metals at high temperatures, 200, 

201. 

of riveted joints, 225 — 229. 

of sea- water evaporators, 339, 340. 

of stationary multitubular boilers, 

and plain cylindrical boilers, 354. 

of vertical boilers and marine return- 
tube boilers, 3^5. 

Thicknessof cast-iron steam-pipes, 308,309. 

of copper steam-pipes, 310, 311. 

Thorneycroft*s water-tube boiler, 290, 357. 

Threads of the screws of stay-tubes, 240. 

of the screws of stud-stays, 236.* 

, Whitworth, of bolts, 309. 

Three-flued stationary boiler, description 
of, 254, 255. 

-flued stationary boiler, evaporative 

capacity of, 255. 

flued stationary boiler, weight of, 256. 

Transfer of heat, 6. 

Transmission of heat, 128, 129. 

of heat, rate of, 129, 130. 

of heat by non-conducting coverings 

for steam boilers, 13 — 15. 

of heat by water-heaters, 334. 

Transverse strength of boiler-shells, 169. 

Treble riveted joints, 212—725. 

Triple-expansion engines, consumption of 

coal by, 54. .. r »i. 

-expansion engines, capacity of the 

steam-space of boilers for, per indicated 
horse power, 148. 

expansion engines, evaporative capa- 
city of boilers for, 160. 

expansion engines, water-surface of 

boilers for, 147. 

expansion engines, heating surface of 

boilers, per indicated horse power of, 145. 

expansion engines, capacity of the 

steam-space of boilers for, per square- 
foot of heating surface, 149. 

expansion engines, fire-grate surface 

of boilers, per indicated horse-power of, 
152. 

Tube-surface of locomotive boilers, 267. 

Tubes, furnace, 174—185. 

of boilers for forced draught, 85. 

, smoke, 132—138. 

, stay, 138, 239, 240. 

, velocity of fuel -gases through, oa 

Tubular boilers, vertical, 285. 

fire-bars, 157. 



TJNBURNT carbon, loss from, in the 
^ furnaces of steam-boilers, 63. 
Unit of evaporation, 103. 

of heat, 4. 

of power of steam-boilers, 162. 

Uptake-protector, 284. 



V^ 



''ALVES, feed-back-pressure for steam- 
boilers, 321, 322. 

, stop, 313, 314. 

Vaporisation, lOi. 

Various forms of furnace-tubes, 184, 185. 

forms of riveted joints, 212 — 214. 

rules of practice for the diameter and 

pitch of rivets, 222, 223. 

Vegetable substances for the prevention of 
scale in boilers, 325, 326. 

refuse-fuels, 26. 

refuse-fuels, boilers for burning, 26, 

27, 264, 265, 269, 27a 

Velocity of the air-current in a chimney, 
72. 

of the flow of steam through pipes, 

3»2, 3»3- 

of the gaseous products of combustion, 

60. 

Vertical boilers, 281—285. 

boilers, chimneys for, 81. 

cross-tube boilers, 281 — 284. 

cross-tube boilers, results of evapora- 
tive tests of, 355. 

tubular-boilers, 285. 

tubuUr-boilers, results of evaporative 

tests of; 355. 

Volume of air required for the combustion 
of different fuels, 41. 

of the products of combustion, 59, 62. 

and weight of air at different tem- 
peratures, S. 

and weight of gases at different tem- 
peratures, 68. 

and weight of water at different tem- 
peratures, 96 — 98. 



W. 

"IXTARMING or heating buildings, 358, 

^^ 359. 
Water, composition of, 93. 

, effect of heat on, 95. 

, evaporation of, to steam, 103. 

, expansion of, by heat, 90. 

for feeding boders, purification of, 

324, 325. 
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Wftter for feeding boilers, weight of im- 
purities in, 326. 

, notes on, 92 — 95. 

, sea-, 94, 95. 

, spheroidal condition of, 100. 

, theoretical Quantity required for the 

development of one indicated horse- 
power, 161. 

, weight of, 94. 

, weight of, at different temperatures, 

96-98. 

Water-bridges, for boiler-furnaces, 159. 

Watcr-capacitv of boilers of various tjpes 
per square foot of heating-surface, 146. 

Water-consumption by steam-engines, 162, 
164. 

Water-gas, 29--31. 

gas, heating-power of, 30. 

gauges, 317. 

hammer in steam-pipes, 315. 

heaters, feed, 333—337. 

heaters, heat transmitted by, 334. 

heating surfaces of steam-boilers, 

120—146. 

level of steam-lx)ilers, 147, 148. 

space in return-tube boilers, 271, 272. 

-space of fire-boxes, 125, 283. 

surface of steam-boilers, area of, 146, 

147. 

Water-tube steam-boilers, 287—299. 

tube boilers, advantages of, 289. 

. , defects of, 289. 

, notes on, 287, 288. 

, proportions of, 299. 

, weight of, 299, 300. 

, Almy's, 298, 299. 

, Babcock & Wilcox's, 292. 

, Belleville's, 291, 292. 

, De Naeyer's, 294, 295. 

, Harrison's, 293, 294. 

, Heine's, 295. 

, Herreshoffs, 296, 297. 

, Perkins', 296. 

, Root's, 292 — 294. 

, Shepherd's, 295. 

, Thorneycroft's, 290, 29 1. 

, Yarrow's, 297, 298. 

, results of evaporative tests 

of a number of different kinds 

of, 357. 
Weight of air at different temperatures, 68. 
of air required to effect the combus- 
tion of fuels, 39 — 41. 

of angle-bars and tee-bars, 197. 

of coal, 23. 

of a cord of wood of different kinds, 

29. 
■ of chimnejrs for factory steam-boilers 

required to withstand wind-pressure, 78, 

80. 
— of copper-plates, 199. 
— ^ of 0>mish, Lancuihire^ and three* 

flued boilers, 256. 

S«BaC* 



Weight of externally-fired cylindrical multi- 
tubular stationary boilers, 265. 

of Galloway boilers, 257. 

of Galloway cone- tubes, 150. 

of gas yielded by coal, 67. 

of ^ate-bars, or fire-bars, 156. 

of impurities in water, 326. 

of locomotive boilers, 268. 

of marine return-tube boilers, 273, 

274. 

of mild-steel plates, 196, 197. 

of portable boilers, 270. 

of the products of combustion, 59, 62. 

of steam-boilers of various types, ex- 
pressed in terms of the indicated horse- 
power developed by good engines, 299, 
300. 

of steam-boilers of various types, ex- 
pressed in terms of the total heating- 
surface, 300. 

of steam dischai^ed through an orifice 

like that of a safety-valve, 303. 

of steam discharged by steam-pipes, 

313. 

of water in boilers per square foot of 

heating-sur&ce, 146. 

of water-tube boilers, 299, 300. 

of water evaporated, or steam pro- 
duced, per square foot of the fire-grate 
surface of steam-boilers of various types, 
114, 115. 

of wrought-iron plates, 194. 

and volume of gases at different tem- 
peratures, 68. 

Weir's sea-water-evaporator, 339 — 342. 

Welsh coal, 18. 

, calorific power and evaporative 

power of, 45. 

, composition of, 20. 

, heat of, utilised in the produc- 
tion of steam, 53. 

, weight and bulk of, 23. 

Whitworth-thread for bolts, 309. 

Wind-pressure on chimneys of different 
forms, 78. 

pressure, weight of a chimney to 

withstand, 78, 80. 

Wood, air required for the combustion of, 

41. 

, bulk of a cord of, 28. 

, draught required for the combustion 

of, 70. 
, fire-grate surface and furnace-space 

of boilers required for burning, 28. 

, heat-conducting power of; 9. 

, heating-power and evaporative power 

of, 28, 29, 46. 

, quantity of moisture in, 27, 28. 

, radiation of heat by, 9. 

, specific heat of, 5. 

, weight of one cord of different kinds 

and weight of coal that one cord of wood 

is equivalent to in evaporative power, 29. 

D D 
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Wood-charcoal, 25. 

charcoal, calorific power and eyapora- 

tive Dower of, 25, 46. 
Wool, neat-conducting power of, 9. 

, transmission of neat by coverings of, 

13. 
Working-pressure of steam-boilers, deter- 
mination of the, 173, 174. 

pressure of steam-boilers for a given 

strength of riveted-joint, 224. 
Wrought-iron, bolts and stays, tensile 

strength of, 193, 235. 
bolts for flanges, working-load 

on, 309. 

bolts, proportions of, 310. 

chimneys for factory boilers, 80, 

81. 

, conducting power of, 9. 

, effect of heat on, 201, 202. 

, expansion of, by heat, 16. 

fire-bars, 156. 

plates, tensile strength of, 193. 

plates, weight of, 194. 

rivets, 193, 209 — 2x1. 

, shearing-strength of, 200. 

smoke- tubes, 136, 137. 



^ARROW'S water-tube boiler, 297, 298. 
* Yates & Thom's three-fiued stationaiy 

boiler, 254 — ^256. 
Yorkshire coal, calorific i>ower and evapora- 
tive power of, '45. 

, composition of, 20. 

, heat of, utilised in the produc- 
tion of steam, 53. . 
, weight and bulk of, 23. 



7INC as a preventive of corrosion in 
^^ steam-boilers, 328. 

capped fusible plugs, 320. 

as a preventive of scale in boilers, 325. 

protectors for mud -plugs, 319. 

protectors for water-gauges, 328. 






THE END. 
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RECORD of the EVAPORATIVE TEST OF A STEAM-BOILER. 



Test made by . 
at 



Principal Dimensions of the Boiler..... 



SUMMARY OF PARTICULARS OF THE EVAPORATIVE TEST. 



Date of the Tesi,,.^ 



Duration of the Testy Hours 



HEATING-SURFACE AND FIRE-GRATE SURFACE OF THE BOILER, 

Total HecUing'Surface of the Boilet .... square feet 

Area of the Fire-grate surface „ 

Ratio of the Fire-grate surface to the Heating-surface . 

ADMISSION OF AIR, TEMPERATURE, AND DRAUGHT. 

Air-space between the Fire-bars square feet 

Air-space in the Fire-doors » »> 

Temperature of the external Air .... degrees Fahr, 
Temperature of the Air in the Boiler-room . . . „ „ 

Temperature of the Fuel- Gases leaving the Boiler . „ „ 

Chimney-draught inches of water 

STEAM. 

Average pressure of Steam by the Steam-gauge lbs, per square inch 

Temperature of Steam corresponding to the average pressure 

degrees Fahr, 

ANALYSIS OF FUEL-GASES. 

Carbonic Acid^ volume ...... weight per cent 

Carbonic Oxide^ „ „ „ 

Oxygen, „ „ „ 

Nitrogen, „ „ „ 



lbs 



AIR USED FOR COMBUSTION. 
Weight o) Air used per lb, of Coal 
IVeight of Air used per lb. of dry Coal .... 
Ratio of the quantity of Air used to that theoretically required for 
Combustion 

S.B.C. 



£ £ 



REOOR O—coniinued. 



ANALYSIS OF COAU 



Nitrogen . 



Hydrogen. 
Sulphur,^ 



Oxygen^ 
Ash 



ibs 



CONSUMPTION OF COAL. 
Total weight of Coal used during the Test .... 

Weight of Coal Jired per Hour „ 

Quantity of Moisture in the Coal per cenl. 

Weif^of dry Coal fired per Hour lbs. 

Weight of Coal consumed per square foot of Fire-grate surface 

per Hour . ,, 

Weight of Coal consumed per square foot of total Heating- 
surface of the Boiler per Hour yy 

CUNKER, ASH, AND FIRING. 

Total Weight of Clinker and Ash produced .... lbs. 
Percentage of Clinker and Ash in the total weight of Coal usedj per cent 

Thickness of the Fire^ average inches 

Weight of Coal put on the Fire at each Firing . . lbs. 

Number of times each Fire was stoked per Hour 

F£ED-WAT£R SUPPLY, AND EVAPORATION. 
Total weight of Water fed to the Boiler during the Test . lbs. 

Weight of Water fed to the Boiler per Hour .... „ | 

Temperature of the Feed-water degrees Fahr, 

Water evaporated per lb. of Coal from the Temperature of the Feed- 
water per Hour ibs,\. 

Water evaporated per square foot of Fire-grate surface per Hour „ 
Water evaporated per square foot of Heating'surface of the Boiler 

per Hour „ I 

Factor of Evaporation . 

Equivalent Evaporation from and at 212** Fahr. per lb. of Coal^ lbs. 



EFFICIENCY OF THE BOILER. 

Efficiency of the Boiler 



percent. 



BALANCE-SHEET SHOWING THE DISTRIBUTION OF THE HEAT, 



HEAT EVOLVED PER LB. OF COAL. 



HEAT EXPENDED PER LB. OF COAL 



Units. 



Calorific value of\ lb. of the 
coal 



Heal expended in evaporat- 
ing the water . . ._ 

HecU carried away by the 
products of combustion ^^ 

Heat lost by Radiation and 
Imperfect Combustion . ^.. 



Units, 



SHELLS OF STEAM-BOILERS. 



MEMORANDA. 



S.3 C. » » 



SBELLS OF STEAM-BOILERS. 



MEMORANDA. 



ENDS OF STEAM-BOILERS. 
MEMORANDA. 



V F 



FURNACE- TUBES. 
MEMORANDA. 



COMBUSTION- CHAMBERS. 
MEMORANDA. 



FIRE-BOXES OF STEAM-BOILERS. 
MEMORANDA. 



TUBE-PLATES OF STEAM-BOILERS. 
MEMORANDA. 



SMOKE-TUBES OF STEAM-BOILERS 



MEMORANDA. 



STAY- TUBES OF STEAM- BOILERS 



MEMORANDA. 



RIVETED JOINTS OF STEAM- BOILERS, 



MEMORANDA. 



PITCH OF RIVETED JOINTS, 



MEMORANDA. 



DIAMETER AND LENGTH OF RIVETS OF RIVETED 

JOINTS. 



MEMORANDA. 



STAYS OF STEAM-BOILERS. 
MEMORANDA. 



FIRE-GRATES AND FIRE-BARS. 
MEMORANDA. 



STEAM-PIPES OF STEAM-BOILERS 



MEMORANDA. 



STEAM- FITTINGS AND MISCELLANEOUS 
MEMORANDA. 
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Trade and other Examinations for Certificates of Competency in Modem Mechanical 
Engineering. By Walter S. Hutton, Civil and Mechanical Engineer, Audior of 
"The Works' Manager's Handbook for Engineers,'* &c. With upwards of 370 
Illustrations. Third Edition, Revised with Additions. Medium 8vo., nearly 500 
pp., price i&r. Strongly bound. 

^P" This vtork is desigmd as a companion to the Author" i " Works' Manager's 
Handbook." It possesses many new and original features^ and contains, like its prede- 
-' ' ded f • ■ 



cessor, aotsaniity of matter not originally intended for publication, but collected by the 
Author for his own use in the construction of agreed variety of Modern Engineering 
Work. 

The information is given in a condensed and concise form, and is illustrated by up' 
ftfords of 370 Woodcuts; and comprises a quantity of tabulated matter ofgreal value to all 
engaged in designings constructing^ or estimating for Engines, Boilers, and other 
Engineering Work. 

•^* Opinions of the Press. 

** We have kept it at hand for several weeks, leferring to it as occasion arose, and we have not on a 
tingle orration ooOscdted iu pages without finding the information of which we were in quest." 
Aiktnmam, 

** A tboroocUy good practical handbaok, which no engineer can go thioogh without learning some* 
Irnag that will be of serrice to him.'*— JfariW Bngmetr, 

'* An excellent book of reference for engineers, and a valuable text-book for students of engineer* 
VBi^^^ScoUmian, 

** This valuable manual embodies the results and experience of the leading authorities on mechanical 
engineering.''— iffimAAMr tfOwt. 

** The author has collected together a surprising quantity of rules and practical data, and has shown 
much judgment in the selections he has made. . . . There u no doubt that this book is one of the 
aMMt useful of its kind published, and will be a very popular compendium."— f^ipVirrr. 

" A mass of information, set down in simple language, ^md in such a form that it can be easily referred 
to at any time. The matter is uniformly good and well chosen, and is greatly elucidated by the 
Illustrations. The book wiUfind iu way on to most engineers' shelves, where it will rank as one of the 
most useful books of reference."— /'mr/fVo/ Engineer. 

" Pnll of useful information, and shouki be found on the oflioe shelf of all practical engineers."— 
SmtllA Mtehamie. 

A 
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Handbook for Works' Managers. 

THE WORKS' MANAGER'S HANDBOOK OF MODERN RULES, 
TABLES, AND DATA. For Engineers, MiUwrights, and Boiler Makers; 
Tool Makers, Machinists, and Metal Workers ; Iron and Brass Founders, &c By 
W. S. HuTTON, CivU and Mechanical Engineer, Author of "The Practical En- 
gineer's Handbook." Fourth Edition, careftUly Revised and partly Re-writteo. In 
One handsome Volume, medium 8vo, price i^* strongly bound. [Just pubiiskiiL 
nr The Author hamnt compiled Rules and Data for his own use in a great varietj 
of modem engineering vforh, and having found his notes extremely useful^ decided to 
publishthtm— revised to daie^-believing that a practical worh, suited to the daily Rl- 
QUIRBMENTS OF MODERN ENGINEERS, toculd be favourably received. 

In the Third Edition, the following among other additions have been made, vtM. :— 
Rules for the Proportions of Riveted Joints in Soft Steel Plates, the Results of Experi- 
ments by Professor Kennedy for the Institution of Mechanical Engineers^ Rules 
for the ProfoHions of Turbines— Rules for the Strength of Hollow Shafts of Whitwcrih's 
Compressea Steel, &*c. 

•^* Opinions of the Press. 

'*The author treaU every subject from the point of view of one who has collected workshop notes for 
application in workshop practice, rather than from the theoretical or literary aspect. The volume con ta in s 
a great deal of that kind of information which is gained only by practical capcnen c e, and is seldom wrktea 
in books."— iTiii^'icarr. 

" The volume is an ezoeedinglv useful one, brimful with engineers' notes, memoranda, and rales, and 
well worthy of being on every mrrnanical engineer's bookshelf, —if «cA4M£nr/ World, 

" The information ispredsdy that likely to be required in practice. . . . The work forms a dc- 
urable addition to the library not only of the works manager, but of anyone connected with geaeral 
engineering."— -JlffVMiy' Jourual, 

" A Ibrmkiable mam of facu and figiires, readily accessible through an elaborate index. • . • Such 
a volume will be found absolutely necessary as a book of reference in all sorts oi ' works ' connected with 
the metal trades. "»J?rAiiM/'x Iron Trades Circular, 

" Brimful of useful information, stated in a concise form, Mr. Button's books have met a piiiiiug 
want among engineers. The book must prove extremely useful to every practical man possessing a 
capy,"^PructictU Enginter. 

Practical Treatise on Modern Steam-Boilers. 

STEAM 'BOILER CONSTRUCTION. A Practical Handbook for 
Endneers, Boiler-Makers, and Steam Users. Containing a large Collection of 
Rules and Data relating to the Design, Construction, and Working of Modem 
Stationary, Locomotive, and Marine Steam-Boilers. By Walter S. Hutton, 
Civil and Mechanical Engineer, Author of '* The Works' Manager's Handbook," 
'* The Practical Engineer's Handbook," &c. With upwards of 300 Illustrations. 
ISF This work is written in the scune style as Mr, Hutton' s other practical Hand- 

boohSf which it is intended to supplement. It is in active preparation and will^ it is 

expected, be ready in April. 

"The Modernised Templeton." 

THE PRACTICAL MECHANIC'S WORKSHOP COMPANION. 
Comprising a' great variety of tiie most useful Rules and Formulae in Mechanical 
Science, with numerous Tables of Practical Data and Calculated Results for 
Facilitating Mechanical Operations. By William Teupleton, Author of 
"The Engineer's Practical Assistant," &c. &c. Sixteenth Edition, Revised, 
Modernised, and considerably Enlarged by Walter S. Hutton, C.E., Author of 
"The Works' Manager's Handbook," "The Practical Engineer's Handbook," 
&c. Fcap. 8vo, nearly 500 pp., with 8 Plates and upward^ of 250 Illustrative 
Diagrams, 6f., strongly bound for workshop or pocket wear and tear, {yust published. 

%• Opinions of tii^ Press. 

*' In its modernised form Button's ' Templcton ' should have a wide sale, for it contains much 
valuable information which the mechanic will often find of use, and not a few tables and notes which \m 
might look for in vain in other works, lliis modernised edition will be appreciated by all who have learned 
to value the original editions of * Templeton.' ^^EngUih Mechanic, 

**It has met with grrat success in the engineering workshop, as we can testify; and there are a 
great many men who, in a great measure, owe their rise in life to this little book.* —Buildine Nrms, 

" This familiar text* book— well known to all mechanics and engineers— is of essential service to the 
everv-day requirements of engineers, millwriahts, and the various trades connected with cngineeriajr 
and building. The new modernised edition is worth its weight in gold."— ^mMV^ Niitn, (Sfeoond 
Nodceji 

** This well-known and largely-used book contains information, brought up to date, of the sort so 
useful to the foreman and draughtsman. So much fresh information has been introduced as to < 



lute it ptacticall^ a new book. It will be hugely used in the office and workshop.**— AfrrAaiuVa/ Wortd. 
** The publuhers wisely entrusted the task of revision of this popular, valuable, and useful book to 
Mr. Hutton than whom a more competent man they could not have found."— /rvw 
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Stone-working Machinery. 

STONE-WORKING MACHINERY, and the Rapid and Economical 
Conversion of Stone. With Hints on the Arrangement and Management of Stone 

Works. By M. Powis Balk, M.I.M.E. With Illustrations. Crown 8vo, 9x. 

"The book should be in the hands of every mason or student of stonework." — Collury Gmarditm, 

" It n in every sense of the woid a standard work upon a subject which the author £i fuUy com- 
petent to deal exhaustivelv with.**— ^M'A^r'x Weekly Reporter, 

"A capital handbook for all who manipuhue stone for building or oraamental porposes.**— 
machinery Market. 

Pump Construction and Management 

PUMPS AND PUMPING: A Handbook for Pumf Users. Being 
Notes on Selection, Constraction, and Management By M. Powis Bale, 
M.I.M.E., Author of «« Woodworking Machinery," "Saw Mills," &c Crown 
8yo, 2J. 6d. cloth. \yust published. 

** The matter is set forth as concisely as possible* In fact, condensation rather than diflfuteifess 

has been the author's aim throughout ; yet he does not seem to have omhted anything likely to bo of 

9ae."'-TfourHal of Gas Lighting. 

'* Thoroughly practical and simply and clearly written.'*— G/a«f0iv Herald. 

Turning. 

LATHE-WORK : A Practical Treatise on the Tools, Appliances, and 
Processes employed in ike Arl of Turning. By PAUL N. Hasluck. Fourth 
Edition, Revised and Enlarged. Crown 8vo, 5j. cloth. [Just published. 

" Written by a man who knows not only how work ought to be done, but who also knows how to do 
It, and how to convey his knowledge to others. To all tumen this book would be valuable."— £«»T««rrrVv. 
*' We can safely recommend the work to young engineen. To the amateur it will simply be invalu- 
able. To the student it will convey a great deal or useful infonnation."— ^n;; oMvr. 

"A compact, succinct, and handy guide to lathe-work did not exist in our language until Mr. Has- 
luck, by the pubhcation of this treatise, gave the turner a true vade mecum,"-^Hemu Vee^rator. 

SoreW'Cutting. 

SCREW THREADS: And Methods of Producing Them. With 
numerous Tables and complete Directions for using Screw-Cutting Lathes. By 
Paul N. Hasluck, Author of " Lathe- Work," &c. With Fifty Illustrations. 
Third Edition, Revised and Enlarged. Waistcoat-pocket size, \s. id. cloth. 

\Just published, 
** Full of useful information, hints and practical criticism. Taps, dies, and screwing- tools generally 

ars Dhistrated and their action described."— AffcAaM^o/ World. 

*' It ia a complete compendium of all the deuils of the screw-cutting lathe ; in fact a mitllwm-tH* 

Ptuvo on all the subjects it treats ^ipoa."— Caroler and Builder. 

Smitli'a Tables for Meohanics, &o. 

TABLES, MEMORANDA, AND CALCULATED RESULTS, 

FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, tSr-r. 

Selected and Arranged by Francis Smith. Fifth Edition, thoroughly Revised and 

Enlarged, with a New Section of Electrical Tables, FoRUULiC. & Memoranda. 

Waistcoat-pocket size, is. 6</. limp leather. [Just published. 

" It would, perhaps, be as difficult to make a small pocket-book selection of notes and formulm to 

suit ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waistcoat-pocket col- 

. lection may be looked upon as a successful attempt." — Enipneer. 

**The best example we have ever seen of aso pages of useful matter packed into the dimensions of a 
, caid-case."— ^wf^UKv Newt. " A veritable pocket treasury of knewledge."— /yvw. 

Engineer's and Macliinlst's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, AND MACHINIST'S 
PRACTICAL ASSISTANT. A collection of Useful Tables, Rules, and Data. 
By William Templeton. Seventh Edition, with Additions. i8mo, 2s. 6d. doth, 

" Occupies a foremost place among books of this kind. A more suiuble present to an apprentice to 
any of the mechanical trades could not possibly be made."— ^wMMtf Mews. .... 

"A deservedly popular work. It should be m the ' drawer ' of every mtchaadc^—EM^luk Meekeuue. 

Iron and SteeL 

" IRON AND STEEL": A Work for the Forge, Foundry, Factory, and 
Office, Containing ready, useful, and trustworthy Information for Ironmasters 
and their Stock-tekers ; Managers of Bar, Rail, Plate, and Sheet RoUimj Mills ; 
Iron and Metal Founders ; Iron Ship and Bridge Builders ; Mechanical, Mining, 
and Consulting Engineers; Architects, Contractors, Builders, and Professional 
Draughtsmen. By Charles Hoare, Author of "The Slide Rule," &c. Eighth 
Edition, Revised throughout and considerably Enlarged. 32mo, 6f. leather. 

*' For coouwehensiveness the book has not its equal"— /nw. 

•* One of the best of the pocket hooVaJ'—Ettgltsk Mechanic, ^ ^ , . 

" We cordially recommend this book to those engaged in considering the details of all kinds of iron 
and steel mvikM.** —Naval Scienee, 
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Engineering Conatruotion. 

PA TTERNMAKING : A PracHcal TreaHse. embracing the Main Types 
of Engineering Construction and including Gearing, l)oth Hand and Sfachine-inade^ 
Engine Work, Sheaves and Pulleys, Pipes and Columns, Screws, Machine Parts, 
Pumps and Cocks, the Moulding of Patterns in Loam and Greensand, &c.; together 
with the methods of Estimating the weight of Castings ; to which is added an Appen- 
dix of Tables for Workshop Reference. By A Foreman Pattbrn-BIaxsi. 
With upwards of 370 Illustrations. Crown 8?o, 7x. &/. doth. 
" A weU-written technical guide, evidently written by a man who undenlands and has practised 

what he has written about. .... We cordially recommend it to engineering gtudents, yoac 

joomeymen, and otheri desirous of being initiated into the mysteries of pattcm-makiDg." — BmiUir, 
' We can confidently recommend this comprehensive treattse.** — BuUdrng Ntw*. 
" Likely to prove a welcome guide to many workmen, especially to draughtsmen who have hdoed a 

training in the dio^, pupils pursuing their practical studies in our lactones, and to employers and 

managers in engineering mtn^a?'— Hardware Trade yemmai. 

** More than 370 illustrations help to explain the text, which is, however, alwavs clear and explicit, 

thus rendering the work an excellent vm^ie mecum for the apprentice who desires to Decome master of his 

trade."— J^ar^uA Mechanic* 

Dictionary of Meohanioal Engineering Terms. 

LOCKWOOUS DICTIONARY OF TERMS USED IN THE 
PRACTICE OF MECHANICAL ENGINEERING, embracing thoM current 
in the Drawing Office, Pattern Shop, Foundry, Fitting, Turning, Smiths' and 
Boiler Shops, &c. &c Comprising upwards of 6,000 Definitions. Edited by 
A Foreman Pattern -Maker, Author of <* Pattern Making." Cr. 8vo, yx. dd. kL 

"Just the sort of handy dictionary required by the various trades engaged in mechanical « 



ing. The practical engmeering pupil will find the book of great value in his studies, and every foreman 
engineer and mechanic should have a caipj.'*—B$tiUint News. 

" After a careful examinatbn of the book, and trying all manner of words, we think that the cd- 
gineer will here find all he is likely to require. It will be Ivgely used/' — Practical Bngiueer. 

*'Oneof the most useful books which can be presented to a mechanic or student."— Eag/itA 
Mechanic. 

** Not merely a dictionary, but, to a certain extent, also a most valuable goide. It strikes as as a 
happy idea to combine with a definition of the phrase useful information on the subject of which it 
imBXA,**— Machinery Market. 

" No word bavme[ connection with any branch of constructive engineering seems to be omitted, 
o more comprehensive work has been, so far, issued." — Knowledge. 

** We strongly commend this useful and reliable adviser to our friends in the workshop, and to 
students everywhere.'*— CoZ/my Guardian, 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : Their Strength, Construe-^ 
tiofif and EconcmiecU IVorking. By R. Wilson, C.E. Fifth Edition, iimo, 6r. dolh. 
" The best treatise that has ever been published on steam boilers."— ^ajfc'iMirr. 
**The author shows himself perfect master of his subject, and we heartily recoouaend all enqtloyiag 
steam power to possess themselves of the woickJ'-^XyiamCs Iran Trade Circular* 

Boiler Chimneys. 

BOILER AND FACTORY CHIMNEYS; Their Draught^Power and 
Stability. With a Chapter on Lightning Conductors. By Robert Wilson, A.I.CE. . 
Author of "A Treatise on Steam Boilers," &c. Second Edition. Crown 8to^ 
3f . (id. cloth. 

** Full of oseful information, definite in statement, and thoroughly practkal In treatmenL'^— 
The Local Govemmenl Chronicle, 

** A valuable contribution to the literature of scientific building.**- TA^ Builder. 

Boiler Making. 

THE BOILER-MAKER 'S READY RECKONER ^ ASSISTANT. 
With Examples of Practical Geometry and Templating, for the Use of Platen, 
Smiths, and Riveters. Bjr John Courtney, Edited by D. K. Clark, M.I.CE. 
Third Edition, 480 pp., with I40 Illustrations. Fcap. 8vo, yx. half-bound. 
*' A most useful work. ... No workman or apprentice should be without this book.*-"/rwi 
Trade Circular. 

" Boiler makers will readily recognise the value of this volume. . . . The uUes are desriy 
printed, and so arranged tliat they can be referred to with the greatest fiscility, so that it cannot be 
doubted that they will be generally appreciated and much used."— ^Mu'iy 7^urnal, 

Warming. 

HEATING BY HOT WATER; with Information and Suggestions 
on the best Methods of Heating Public, Private and Horticultural Buildings. By 
Walter Jones. With upwaids of 50 Illustrations, crown 8yo, zt. clodi. 
, " We confidently recommend all interested In heating by hot water to secure a copy of this 

valuable licUo treatise."— rA« Plumber and Deeoraior. 
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Steam Engine. 

TEXT-BOOK ON THE STEAM ENGINE. With a Supplement 
on Gas EDgines, and Part II. on Heat Engines. By T. M. Goodbye, M.A., 
Bonister-at-Law, Professor of Mechanics at the Normal School of Science and the 
Koyal School of Mines; Author of "The Principles of Mechanics," <'Thtt 
Elements of Mechanism," &c. Eleventh Edition, Enlarged. With namerons 
niostiations. Crown 8vo, dr. doth. IJ'^* published, 

" ProfcMor Goodeve has given us a treatise on the steam engine, which will bear comparison with 
•Bything written by Huxley or Maxwell, and we can award it no higher praise.'* — En^metr, 

"Mr. Goodeve*s text-book is a work of which every young engineer should possess himsetf."— 
Mimimry^mrmaL 

** r ss rnri s ll y ptactical in iu asm. The manner of exposition leaves nothbs to be destre^t***" 

Qas Engines. 

ON GAS ENGINES. Being a reprint, with some additions, of the Sup* 
plement to the Text-book on the Steam Engine, by T. M. GOODBVB, M.A. Crown 
8yo, 2x. &/. cloth. 
" Like all Mr. Goodeve's writmgs, the present is no exception m point of general «xoeU«ioe. It U 
a vahubk little volume.'*— Jf^^AMrVa/ IVoHd, 

Steam. 

THE SAFE USE OF STEAM. ConUining Rules for Unprofessional 
Steam«asers. By an Engineer. Sixth Edition. Sewed, 6d. 
** If steam-users would but learn this little book by hearty boiler explosions would become sensationi 
by their rarity."- EngUth Mtckanic. 

Office Book for Meotianioal Engineers. 

THE MECHANICAL ENGINEER'S REFERENCE BOOK, for 
Machine and Boiler Constmction. In Two Parts. Part I. General Engineering 
Data. Part II. Boiler Construction. With 48 Plates and numerous Illas« 
tnUions. By Nelson Foley, M.I.N. A. Folio, half-bound. Price £S 5^* 

[Nearly ready. 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, for Engineers 
and Steam-users. By Nelson Foley, Author of *' Boiler Construction.'* Pocket- 
sise, 3J. 6d. cloth ; 4/. leather. 
*' These tables are designed to meet the requirements of every-day use ; they are of sufficient scope 
for most practical purposes, and may be commended to engineers and users of steam." — frffm. 

*' This pocket-book well merits the attention of the practical engineer. Mr. Foley has compiled a 
very uselul set of tables, the information contained in which is frequently required by engineers, coal 
consumers, and users of steam."— /rms ami C^at Trades Revisw. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With a History 
of Fire-Engines, their Construction, Use, and Management ; Remarks on Fire- Proof 
Building and the Preservation of Life from Fire ; Statistics of the Fire Appliances 
in English Towns ; Foreign Fire Systems ; Hints on Fire-Brigades, &c. &c. By 
Charles F. T. Young, C.E. With numerous Illustrations, 544 pp., demy 8vo, 
£v 4/. doth. 
** To such of our readers a« are interested in the suliject of fires and fire apparatus, we um most 

heartily comownd this book. It is really the only English work we now have upon the subject."— 

Emgimesrimg. 

** It displays much evidence of careful researdi, and Mr. Young has put his facts neatly together. 

His aoooaintance with the practical details of the construction of steam fire engines, old and new, and 

the conditions with which it is necessary they shoukl comply, is accurate and t\x)X7*— Engineer. 

Estimating for Engineering Work, &o. 

ENGINEERING ESTIMATES, COSTS AND ACCOUNTS: A 
Guide to Commercial Engineering. With numerous Examples of Estimates and 
Costs of Millwright Work, MisoeUaneous Productions, Steam Engines and Steam 
Boileis ; and a Section on the Preparation of Costs Accounts. By A General 
Manager. Demy 8vo, its. cloth. {Just published. 

** This is an excellent and very useful book, covering sobject*matter in constant requisition in 

evory Csctory and workshop. The book is invaluable, not only to the young engineer, but 

also to the estimate department of every works."— BviMcr. 

** This book bears on every page evidence that it has been prepared by an engineer aecastomad 

10 the work, and is no mere compiladon, but^ contains a mata of valuable information of a kind 

BseAil even to experienced engineerB.*'^Pr<icfsM/ BttgiiteeT, 

** We accord the work unqualified praise. The information is given in a plain, tiraightfbrward 

naaaar, and bears tbronsbout evidence of the intimate oracUcal acqnainUnco of the author with 

every pbniae of commorctal engineering.**— JfrcAomMi World. 
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THE POPULAR WORKS OF MICHAEL REYNOLDS 

("The Engine Deivbr's Feibnd'*). 
looomotloe-Engine Drioing. 

LOCOMOTIVE'ENGINE DRIVING: A Practical Manual for En- 
rimeeri in chtv-ge of Locomotive Engines. By Michael Reynolds, Member of the 
Society of Engineers, fonnerly Locomotive Inspector, L B. and S. C. R. Eighth 
Edition. Including a Key to the Locomotive Engine. AVith lUustrations and 
Portrait of Author. Crown 8vo, 4/. 6d. cloth. 

" Mr. Reynolds has supplied a muit, and has supplied it w«n. We can confidently reconunend the 
book not only to the practical drirer, but to everyone who takes an interest in the perfonaance of looo- 
'nocive engines."— 7**# Engituer, 

*' Mr. Reynolds has opened a new chapter in the literature of the day. This adouiable pnurtacal 
traatise. of the practical ntifity of which we have to speak in terns of warm commendation.'*— ^^acaurww. 
'* Evidently the work of one who knows his subject thon>ughly.'*->i?tf>7ina(r Service Gasette. . 
** Were the cautions and rules given in the bo<^ to become part of the every-day working of our 
•ngia»4lriverB, we might have fewer distressing acddenU to 6efAot^*'^ScetsmaM, 

Stationary Engine Drioing. 

STATIONARY ENGINE DRIVING: A Practical Manual for En- 
linters in Charge of Stationary Engines, By Michael Reynolds. Fourth 
Edition, Enlarged. With Plates and Woodcuts. Crown 8vo, 4^. 6d. doth. 
"The author is thoroughly acquainted with his subjects, and his advice on the various points treated 

is clear and practical He has produced a manual which is an exceedingly useful one for the 

class for whom it is specially intended/'--^i^f m^rrM(r. 

*' Our author leaves no stone unturned. He is determined that has readers shall not only know 
something about the stationary engine, but all about \U**~-Emgimeer, 

" An eogineman who has mastered the contents of Mr. Reynolds's book will require but little actual 
experience with boilers and engines before he can be trusted to look after them."— Aii|f ficA Meckamc 

The Engineer, Fireman, and Engine-Bog. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, AND 

ENGINE'BO Y, Comprising a Historical Notice of the Pioneer Locomotive Engines 

and their Inventors. By Michael Reynolds. With numerous Illustrations^ 

and a fine Portrait of George Stephenson. Crown 8vo, \s. 6d, cloth. 

*' Prom the technical knowledge of the author, it will appeal to the railway man of to-day more forcibly 

than anything written by Dr. SmUes. .... The volume contains informatiGn of a technical kind, 

and facts that every driver should be familiar with."— Jfi^A'M Mechanic, 

"We should be glad to see this book in the possession of everyone in the kingdom who has ever 
faudf or b to lay, hands on a locomotive engine.'*— /nM. 

Oontlnuoue Railway Brakee. 

CONTINUOUS RAILWAY BRAKES: A Practiced Treatise on iki 
several Systems in Use in the United Kingdom ; their Construction and Perform- 
ance, With copious Illustrations and numerous Tables. By Michael Reynolds. 
Laxige crown Svo, 9/. cloth. 
" A popular explanation of the difierent brakes. It will be of great assistance in forming public 
opinion, and will be studied with benefit by those who take an interest m the brake." — Engiidt Medumc. 
'* Written with sufficient technical detail to enable the principal and relative connection of the varions 
parts of each particular brake to be readily grasped.**^Af<w>laff(^a/ Wbrld, 

Englne-Driulng Life. 

ENGINE-DRIVING \LIFE : Stirring Adventures and Incidents in the 

Lives of Locomotive Engine-Drivers. By Michael Reynolds. Second 

Edition, with additional Chapters. Crown Svo, 2s, cloth. 

From 6rst to last perfectly fascinating. Wilkie ColUns's most thrilling conceptions are tiirown into 
..... f. . . . ... .. .^^^^ J - - 



the shade by true incidents, endless in their variety, related in every page." — North British MeuL 

''Anyone who wishes to get a real insight into railway life cannot do better than read ' Engine* 
DriviM Life' for himself, and if he once takes it up he wiu find that the author's enthusiasm antfresl 
love ofche engine-driving profession will carry him on ttU he has read every page."-~)5'0/»y«^y Reimem, 

Pooket Companion for Enginemen. 

THE ENGINEMAN'S POCKET COMPANION and Practical 
Educaior for Ef^nemen, Boiler Attendants^ and Mechanics, By Michael Rey- 
nolds. With Forty-five Illustrations and nnmerous Diagrams. Second Edition^ 
Revised. Royal i8mo, 31. 6d, strongly bound for pocket wear. 

"This admirable work is well suited to accomplish its object, being the honest workmanship of a 
oompeteat engineer." — Glasgow Herald, 

**A most meritorious work, giring in a succinct and practical form all the information an engine* 
minder desirous of mastering the scientific principles of his daily calling would reouire.*'— 7il» Miller, 

*'A boon to those who are striving to become efficient mecfctanics."— Z^m^' CkromicU, 
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Frenoh-Engllah Qlossary for Engineers, Ao, 

A POCKET GLOSSARY OF TECHNICAL TERMS: ENGLISH- 

FRENCH, FRENCH-ENGLISH; with Tables suitable for the Architectural, 

Engineering, Manufacturing and Nautical Professions. By John Jambs Fletchxr, 

Engineer and Surveyor ; 200 pp. Waistcoat-pocket size, is, 6J. limp leather. 

!• I' ?^^^ oertaialy to be in the waistcoat-podcet of everv proressional man.**— /nm. 

It u a very great advantage for readen and correspmdents in France and England to have so 

larae a number of the words relating to engineering and manufacturers collected in a Uliputian volume. 

•rSr ^^ ^^ *** '***^"* ^^ *** students and travellers."- i^wA/Z/r/. 
«» ^'^.^^^^"^'y of terms Is very complete, and many of the Tables nre new and well arranged. 
Wt cordial^ commend the ho6k."^MecJiaMtcai W'orld. 

Portable Engines. 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 
MANAGEMENT: A Practical Manual for Owners and Users of Steam Engines 
geneially. By William Dyson Wansbrough. With 90 Illustrations. Crown 
8vo, y. 6d. cloth. 
*'This is a work of value to those who use steam machinery. . . . Should be read by every one 

who^bM a steam engine, on a farm or elsewhere."— Afor/fc Laiu Ex/rrts. 

^ We cordially commend thb work to buyers and owners of steam engines, and to those who have to 

do with their construction or use."— 7¥m^^ Trades JoHmah 

* Such a general knowledge of the steam-engine as Mr. Wansbrough furnishes to the reader should 

be aoquued by all intelligent owners and others who use the steam vag^t.**-^ Building Ngms, 

** An excellent text-book of this useful form of engine, which describes with all necessary minuteness 

the details of the various devices. . . . The ' HinU to Purchasers ' contain a good deal of commoa- 

Mose and practical wisdom."— iTitf/MA Mtchanie* 
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MR. HUMBER'8 iMPORTANT ENQiNEERiNQ BOOKS. 
Tlie Water-Suppig of Cities and Towns. 

A COMPREHENSIVE TREATISE ON THE WATER-SUPPLY 
OF CITIES AND TOWNS. Bv William Humber, A-M. Inst. C.E., and 
M. Inst. M.E., Author of ''Cast and Wrought Iron Bridge Construction/' &c. &c. 
Illustrated with co Double Plates, i Single Plate, Coloured Frontispiece^ and up- 
wards of 250 Woodcuts, and containing 400 pages of Text. Imp. 4to, £6 6s. 
el^antly and substantially half-bound in morocco. 

List of Contents. 

I. Historical Sketch of some of the means that 
have been adopted for the Supply of Water to 
Cities and Towns.— II. Water and the Foreign 
Matter usually asso ci ated with it— III. Rainfall 



and Evaporauoo.— IV. Springs and the water- 
bearing formations of various districts.— V. Mea- 
surement and Estimation of the Flow of Water.— 

VI. On the Selection of the Souzce of Supply.— 

VII. Wells.-VIII. Reservoir8.-IX. The iSiri. 
ficalion of Water. -X. Pumps.— XI. Pumping 



Machinery.— XII. Conduits.— XIII. Distribution 
of Water.— XIV. Meters, Service Pipes, and House 
Fittings.— XV. The Law and Economy of Water 
Works.— XVI. ConsUnt and Intermittent Supidy. 
— XVI I . Description of Plates.— Appendices, giving 
Tables of Rates of Supply, Velocities, &c. &c.» 
together with Specifications of several Works illus- 
trated, among which will be found : Aberdeen^ 
Bideford, Canterbury, Dundee, Halilax, Lambeth, 
Rotherham, Dublin, and others. 



"The most systematic and valuable work ui>on water supply hitherto produced in English, or in any 
other language. . . . Mr. Humber*s work is characterised almost throughout by an exhaustiveness 
omch more disthictive of French and German than of English technical treatises."— J?iv»*^^> 

'* We can congratulate Mr. Humber on having been able to give so large an amount or information on 
a subject so important as the water supply of cities and towns. The plates, fifty in number| are mostly 
drawugs of executed works, and alone would have commanded the attention of every engmeer whose 
pnctioe may Ue in this branch of the profession."— ^miVU^. 

Oast and Wrought Iron Bridge Construction. 

A COMPLETE AND PRACTICAL TREATISE ON CAST AND 
WROUGHT IRON BRIDGE CONSTRUCTION, including Iron Foundations. 
In Three Parts— Theoretical, Practical, and Descriptiye. By William Humbbr, 
A-M. Inst. C.E., and M. Inst M.E. Third Edition, revised and much improved, 
with 1 15 Double Plates (20 of which now first appear in this edition), and numerous 
Additions to the Text. In 2 vols., imp. 4to, £6 i6x. 6d. half-bound in moroccow 
" A very valuable contribution to the standard literature of civil engineering. In addition to elevatioiis, 

plans, ana sections, lane scale details are given, which very much enhance the instructive worth of those 

ulosoratioos."— Cfv</ Engineer and A rcJuUcCt JoumaL 

** Mr. Humberts statdy volumes, lately issued— in which the most important bridges erected duiinc 

the last five years, under the directton of the late Mr. Brunei, Sir W. Cubitt, Mr. Hawkshaw, Mr. Page, 

Mr. Fowler, Mr. Hemans, and others among our most eminent engineeis, are drawn and specified in 

Knldn»aJl."'^£ngin€tr, 
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MR. HUMBER'8 GREAT WORK ON MODERN ENGINEERING. 

Gnnplete in Four Volnmes, imperial 4to, price ;f 12 I2x., ludf-morocco. Each Tolmne 
sold separately as follows : — 

A RECORD OF THE PROGRESS OF MODERN ENGINEERING. 
First Series. Comprising Civil, Mechanical, Marine^ Hjpdiaulic, RaOway, 
Bridge, and other Engineering Worics, &c. By William Humber, A-M. Inst, 
C.E., && Imp. 410, with 30 Double Plates, drawn to a large scale, Photographic 
Portrait of John Hawkshaw, C.E., F.R.S., &c., and copions descriptive Letterpress, 
Spedficatioos, &c., f 3 3r. half-morocco. 

List or the Plates and Diagrams. 

Victoria Stetson and Roof. L. B. ft S. C. R. Rhenish Rail (s plates) ; Bridge over the Thames, 

n plates) ; Sontbpoft Pier (a plates) ; Victoria West London Extension Railway (5 plates) ; 

Statioii and RooT, L. C & D. and G. W. R. (6 Armour Plates : Suspension Bridge. Thanes (4 

plates) : Roof of Cronome Music Hall : Bridge plates) ; The Allen Engine ; Suspension Bridge, 

over G. N. Railway ; Roof of Sutton, Dutch Avon (3 plates) ; Underground Railway (3 plates). 

*' Randsomdy Uthognmhed and printed. It will find favour with many who desire to preserre in a 
ptrmaoent form copies of the plans and specifications prqiared for the guidance of the oootnictan far 
many important engineoing wotkn,**^Eti£iiuer. 

HUMBERTS RECORD OF MODERN ENGINEERING. Second 
Series. Ivp.*4to, with 36 Double Plates, Photographic Portrait of Robert 
Stephenson, C,£., M.P., F.R.S., &c., and copious descripiive Letterpress, Sped* 
fications, &c,;f3 y, half-morocco. 

List or the Plates and Diagrams. 

and Aber^ 



Sbbw Viaduct, Merthyr, Tredegar^ and 
gavenny Railway: CoUicge Wood Viadnct, 
wall Railway ; Dublin Winter Pislace^ VU 
^ates) ; Bridge over the Thames, 
Railway (6 ^ates) : Albert Hart 
(4 pUtes). 



Cova- 

Roof (3 

L. C aad£ 

Gneaock 



Birkenhead Decks, Low Water Basin (icpbites); 
Charing Cross Station Roof, C. C. Railway (3 
plates) : DtgswcU Viaduct, Great Noitbem Rail- 
wav; Robbery Wood Viaduct, Great Northern 
Railway ; Iron PermaaentWay ; Clydach Viaduct, 
Bferthyr, Tredegar, and Abav>ivenny Railway ; 

** Mr. Humber has done the profession good and true service, by the fine cotlecdon of examples he has 
hers brought before the profession and the public."— /"/ur/fW M§ck0mc*$ f^ummL 

NUMBER'S RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Photographic Portrait of J. R. M*Clean, 
late Pres. Inst. C.E., and copions descriptive Letterpress, Specifications, &c,^33r. 
half-morocco. 

List of the Plates and Diagrams. 



Main Drainagi, MrrROPOLW.— ^^A Side, 
•Map showing Interception of Sewen; Middle 
Level Sewer (9 plates) ; Outfall Sewer, Bridge 
over River Lea (3 plates) : Outfall Sewer, Bridge 
over Marsh Lane, North Woolwich Railway, and 
Bow and Barking Railway Junction ; Outfall 
Sewer, Bridge over Bow and Marking Railway (3 
plates) ; Outfall Sewer, Bridge over East London 
Waterworks' Feeder (9 plates); Outfall Sewer. 
Reservoir (9 plates): Outfall Sewer, Tumbling 
Bay and Outlet; Outfall Sewer, Penstocks. 
S9uik .^M^r.— Out&ll Sewer, Beimondscy Branch 



(9 plates) ; Outlall Sewer, Reservoir and Ontlet 
(4 plates) ; Outfisll Sewer, Filth Hoist ; Sectkms 
of Sewers (North and Sooth SidesX 

Thambs Eubank MBNT.—Secdon of RiverWall ; 
Steamboat Pier, Westminster (9 plates); LatMfing 
Stairs between Charing Cross and Waterfcm 
Bridges ; York Gate (9 plates) ; Overflow and 
Outlet at Savoy Street Sewer (3 plates) ; Slenar 
boat Pier, Wateiioo Bridge (3 plates) ; Juodioa 
of Sewers, Plans and Sections ; Gullies, Plans, 
and Sections ; Rolling Stock ; Granite and Iron 
Forts. 



^ ** The drawings have a coostantlv increanog value, and whoever desires to possess dear rnresenla- 
taops of the two great works earned out by our MetropoUtan Board will obtain Mr. Hnvher^s 
vdlnme."—£a|f <Mrr. 

NUMBER'S RECORD OF MODERN ENGINEERING. Fourth 
Series. Imp. 410, with 36 Doable Plates, Photographic Portrait of Jc^a Fowler, 
late Pres. Inst. C.E., and copious descriptiye Letterpress, Specifications, &c., £^ y. 
half-morocco. 



List of the Plates and Diagrams. 



Abbey Mills Pumping Station, Main Drainage, 
Metropolis (4 plates} ; Barrow Docks (5 plates) ; 
Manquis Viaduct, Santiago and Valpaxatso RaU- 
way (a plates): Adam's Locomotive, St. Helen's 
Canal Railway (9 plates) ; Cannon Street Station 
Roof, Charing Cross Railway (3 plates) ; Road 
Bridge over the River Moka (a plates) ; Telegra- 



[esopotai 
ui Raili 



imia; Viadnct over 



pbic Apparatus for M( 

the River Wye, Midland Railway (3 plates); Sl 
Gennans Viaduct, Cornwall Railway <a jilates) : 
Wrought-tron Cylinder for Diving Bell : MiUwaB 
Docks (6 plates); MilroVs Patent Excavator; 
Metropolitan District Railway (6 plates); Har- 
bours, Ports, and Breakwaters (3 plates). 



" Wegladly welcome another veai^s issue of this valuable pubHcation from the able pen of Mr. Hma- 
r. The accuracy and general excellence of this work are well known, while its usefnhtess in a ~ ' 
ft measurements and detaib of some of the latest examples of engineering, as carried out by Che 
unent men m the profession, cannot be too highly prised."— ^r«r«siv. 
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MR. NUMBER'S ENQINEERINQ BOOKS-continued. 
Strains, Oaloulatlon of. 

A HANDY BOOK FOR THE CALCULATION OF STRAINS IN 
GIRDERS AND SIMILAR STRUCTURES, AND THEIR STRENGTH. 
Consisting of Fonnalse and Corresponding Diagrams, with numerous details for 
Practical Application, &c. By William Humber, A-M. Inst. C.E., &c Fourth 
Edition. Crown 8vo, with nearly loo Woodcuts and 3 Plates, p. 6d. cloth. 
''1^ formulae are neatly expressed, and the diagrams good^—AtAtnattm. 
We heartily commen d this really kamfy book Co our engineer and architect readers.**— J?iv'i«A 
Mgckamc, 

Barlow '8 Strength of Materials, enlarged by Humber. 

A TREATISE ON THE STRENGTH OF MATERIALS y with 
Rules for Application in Architecture, the Construction of Suspension Bridges, 
Railways, &c. By Peter Barlow, F.R.S. A New Edition, revised by his 
Sons, P. W. Barlow, F.R.S., and W: H. Barlow, F.R S.; to which are added. 
Experiments by Hodgkinsok, Fairbairn, and Kirkaldy ; and Formnke for 
Calculating Girders, &c. Arranged and Edited by Wm. Humber, A-M. Inst C.E. 
Demy 8vo, 400 pp., with 19 large Plates and numerous Woodcuts, i&r. doth. 

'* Vahiable alike to the student, tyro» and the experienced practitioner, it will alvrays rank in future 
as it has hitherto done, as the standard treatise on that particular subjecL"— iffj^''"^'^- 

'* There is no greater authority than Barlow,"— ButUimg News, 
As a scientific work of the first dass, it deserves a foremost place on the bookshdret of every 
cml engmeer and practical lOKchamc:*— English Mechanic. 



Trigonometrioal Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A TRIGO- 
NOMETRICAL SURVEY, firihe Formation of Geographical and TofographUai 
Maps and Plans, Military Reconnaissance, Levelling, &*c„ with Useful Problems, 
Formnlse, and Tables. By Lieut. -General Frome, R.E. Fourth Edition, Revised 
and partly Re-written by Maior-General Sir Charle.s Warren, G.C.M.G., R.E. 
With 19 Plates and 115 WoodcuU, royal 8vo, i6x. doth. 
*' The simple fact that a fourth edition has been called for is the best testimony to iu merits. No 

words of praise from ns can strengthen the position so well and so steadily maintained by this work. 

Sir Charles Warren has revised the entire work, and made such additions as were necessary to faring every 

portioa of the contenu up to the present date."— ^rvA/ Arrew. 

Field Fortifloation. 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING. 
Bj Colond I. S. Macaulay, late Professor of Fortification in the R.M.A., Wool- 
wich. Sixth Edidon, crown 8vo, cloth, with separate Atlas of 12 Plates, I2s. 

Oblique Bridges. 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE 
BRIDGES. With 13 large Plates. By the late George Watson Buck, M.I.C.E. 
Third Edition, revised by his Son, J. H. Watson Buck, M.I.C.E.; and with the 
addition of Description to Diagrams for Facilitating the Construction of Oblique 
Bridges, by W. H. Barlow, M.I.C.E. Royal 8vo, 12s. doth. 
*'The standard text-book for all engineers regarding skew arches is Mr. Buck's treatise^ and it would 
be impossible to consult a htXbee^—Engutter. 

"sir. Buck's treatise is recognised as a standard text-book, and his treatment has divested the sutject 
of many of the intricacies supposed to beloni^ to it. As a guide to the engineer and architea, on a 
confessedly difficult subject. Air. Buck's work u unsurpassed."— ^la'^Si^iJiV News. 

Water Storage, Conueyanoe and Utilisation. 

WATER ENGINEERING: A Practical Treatise on the Measurement, 
Storage^ Conveyance and Utilisation of Water for the Supply of Towns, for Mill 
Power, and for other Parposes. By Charles Slagg, Water and Drainage 
Engineer. A.M. Inst.CE., Aathor of "Sanitary Work in the Smaller Towns, and 
in Villages," &c. With numerous lUostrations. Crown 8vo, Js. 6d. cloth. 
** As a small practical treatise qo the water supply of towns, and on some applications of water* 
power, the work is in manv respects excellent."— EwgM^miig. 

*'Tlie author has coUatedf the results deduced from the experiments of the most eminent 
anthorities, and has presented them in a compact and pracdcal form, accompanied by very clear 
and detafled escplanations. . . . The appUcatkMi of water as a motive power Is treated Tery carefnily 
and exhanstivery.'*— BfriM'tfr. 

** For anyone who desires to begin the study of hydrsniies with a oonsaderation of ths practical 
applications of the science there is no better gnid9,*'—Artkitect, 
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Statics, QraphiQ and Analytio. 

GRAPHIC AND ANALYTIC STATICS, in their Practical Appiica- 
tion to the Treatment of Stresses in Roofsy Solid Girders, Lattice, Bowstring, and 
Suspension Bridges, Braced Iron Arches and Piers, and other Frameworks, By 
R. Hudson Graham, C.E. Containing Diagrams and Plates to Scale. With 
numerous Examples, many taken from existing Structures. Specially arranged 
ibr Clafis-work in Colleges and iJniTersities. Second Edition, Revised and En- 
larged. 8vo, i6r. cloth. 

" Mr. Graham's book will find a place wherever graphic and analytic statics are used or sttidiod.*'— 
Engineer, 

" The work is excellent from a practical point of view, and has evidentlv been prepared with much 
care. The directions for working are ample, and are illustrated by an abundance of wcli-selected 
examples. It is an excellent text-book for the practical draughtsman.^'— ^/^junrm. 

Student's Text-Booh on Surveying. 

PRACTICAL SURVEYING: A Text-Book for Students preparing for 

Examinations or for Survey-work in the Colonies. By George W. Usill. 

A.M.I.C.E., Author of "The Statistics of the Water Supply of Great Britain." 

With 4 Lithographic Plates and upwards of 330) Illustrations. Second Edition, 

Revised. Crown 8vo, yj. 6d. cloth. \Just pulflished, 

*' The best forms of instruments are described as to their construction, uses and modes of 

employment, and there are innumerable hints on work and equipment such as the author, in his 

experience as surveyor, draughtsman and teacher, has found necessary, and which the student in 

his inexperience will find most serviceable."— fn^^M/rr. 

"The latest treatise in the English language on surveying, and we have no hesitation in saying 
that the student will find it a better guide than any of its predecessors. . . . Deserves to be recog- 
nised as the first book which should be put in the hands of a pupil of Civil Engineering, and every 
gentleman of education who sets out for the Colonies would find it well to have a copy.'*— 
Architect, 

" A very useful, practical handbook on field practice. Clear, accurate and not too eondensed."— 
Journal of Education, 

Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, Levelling^ 
and Setting-out ; and in Route Surveys of Travellers by Land and Sea. With 
Tables, Illustrations, and Records. By Lowis D'A. Jackson, A.M.I.C.E., 
Author of "Hydraulic Manual," "Modem Metrol<^," &c. Second Edition, 
Enlarged. Large crown 8vo, 12s, 6d, cloth. 
"Mr. Jackson has produced a valuable vade-mecnm far the surveyor. We can recommend this book 

as containing an adnurable supplement to the teaching of the accomplished survtjor.**—AthgMemni, 
'*As a text'book we should advise all survejrors to place it in their libraries, and study well the 

matured instructions afforded in its ^ges.'*—Cotii€9y Guardian. 

* The author brings to his work a fortunate union of theory and practical experience which, aided by 

a clear and ludd style of writing, renders the book a very useful oot?*— Builder, 

Surveying, Land and Marine. 

LAND AND MARINE SURVEYING, in Reference to the Prepara- 
tion of Plans for Roads and Railways ; Canals, Rivers, Towns' Water Supplies ; 
Docks and Harbours. With Description and Use of Surveying Instruments. By 
W. Davis Haskoll, C.E., Author of "Bridge and Viaduct Construction," &c. 
Second Edition, Revised, with Additions. Large crown 8vo, 9^. cloth. 
'* This book must prove of great value to the student. We have no hesitation in reccnnmendiog it, 

feeling assured that it will more than repay a careful study."— ^mtAoiwa/ IVarld. 

'VA most useful and well arranged book for the aid of a student. We can strongly lecMnmend it as 

a carefully-written and valuable text-book. It enjoys a well-deserved rqmte among surveyon."— j^iaiUrr. 
" This volume cannot fail to prove of the utmost practical utili^. It may be safely recommended lo 

an studenu who aspire to become dean and eaqtert surveyors.**— iKfrmNj^ yonrmU, 

Tunneiling. 

PRACTICAL TUNNELLING. Explaining in detail the Setting-out of 

the works, Shaft-sinking and Heading-driving, Ranging the Lines and Leveling 

under Ground, Sub-Excavating, Tim^nng, and the Construction of the Brickwork 

of Tunnels, with the amount of Labour required for, and the Cost of, the various 

portions of the work. By Frederick W. Simms, F.G.S., M. Inst C.E. Third 

Edition, Revised and Extended by D. Kinnear Clark, M.Inst.C.E. Imp. 8vo, 

with 21 Folding Plates and numerous Wood Engravings, 30X. cloth. 

" The estimation in which Mr. Simms's book on tunnelling hAs been held for over thirty years cannot 

be more truly expressed than in the words of the late Professor Rankine :— "The best source of infoiaa- 

taon on the subject of tunnels is Mr. F. W. Simms's work on Practical Tunnelling.'"— >f»ieA«XM^<. 

*' It has been regarded from the first as a text book of the subject . . . Mr. Oazlc has added 
immensely to the value of the hofAi.*' ^Engineer, 
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UoBlling. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OF 
LE VELLING^ Showing its Application to purposes of Railway and Civil Engineer- 
11% in the Constmction of Roads ; with Mr. Telford's Rules for the same. By 
Frederick W. Simms, F.G.S., M. Inst. C.E. Seventh Edition, with the addition of 
Law's Practical Examples for Setting-out Railway Curves, and Trautwine's Field 
Practice of Laying-out Circular Curves. With 7 Plates and numerous Woodcuts, 
8vo, &r. (id. cloth. *^* Trautwine on Curves may be had separate, 5^. 

" TkB text-book on lev«lling in most of our engineering schools and colleges."— ^Njfx'm^y. 
' The publishers have rendered a substantial service to the profession, especially to the yottnger 
, 1^ briogioff out the piesent edition of Mr. Simns's useful ^rsAJ^^Engimering. 



Heat, Expansion by. 

EXPANSION OF STRUCTURES BY. HEAT. By John Keily, 
C.E., late of the Indian Public Works and Victorian Railway Departments. Crown 
'8vo, 3r. td. dioth. 

Summary of Contents. 

Section VI.— Mechanical Foscb or Hbat. 
Section VlL-~WoaK op Expansion and Con- 
traction. 
Section VIII.^Suspbnsion Bridgbs. 
Section IX.— Masonry Struct(5RBS. 



Sectioa I.— Formulas and Data. 

Sectioa II.— Mbtal Bars. 

Sectioa III.— Simplb Frames. 

SectKMi IV.— Complex Frames and Platbs. 

Section V.— Thermal Conductivity, 



"The aim the author has set before him, viz., to show die effects of heat uj^n metallic and other 
ttroctures, it a laudable one, for this is a branch of physics upon which the engmeer or architect can 
find but little reliable and comprehensive data in books.*^— ^MiUkr. 

, ** Whoever is concerned to know the effect of changes of temperature on such structures as suspen- 
saon bridges and the like could not do better than consult Mr. Kelly's valujible and handy exposition of 
the geometrical principles involved in these changes."— ^V^/xxmui. 

Praotioal Mathematios. 

MATHEMATICS FOR PRACTICAL MEN: Being a Cbmtnon-place 
Book of Pare and Mixed Mathematics. Designed chiefly for the Use of Civil 
Engineers, Architects and Surveyors. By Olinthus Gregory, LL.D., F.R. A.S., 
Enlarged by Hbnry Law, C.E. Fourth Ed., carefully revised by J. R. Young, 
formerly Professor of Mathematics, Belfast College. With 13 Plates, 8vo, £1 ix. cloth. 
""The engineer or architect will here find ready to his hand rules for solving nearly every mathematical 

difficulty that may arise in his practice. The rules are in all cases explained by means of examples, in 

which every step of the process is clearly woriced ou!L**^Builder. 
" One of the most tervioeable books for practical mechanics. . . . It is an instructive book for the 

student, and a Text-book for him who, having once mastered the subjects it treats of, needs occasionally 

to tefiresh his memory upon ihxmJ'^BuildiHg Nrms, 

Hydraulic Tables, 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULA for 
Findinz the Discharge of WaUr from Orifices, Notches^ Weirs, Pipes^ and Rivers. 
With New Formulae, Tables, and General Information on Rain-fall, Catchment- 
Basins, Drainage, Sewerage, Water Supply for Towns and Mill Power. By John 
Neville, CivU Engineer, M.R.I.A. Thiid Edition, carefully revised, with con- 
siderable Additions. Numerous Illustrations. Crown 8vo, 14/. cloth. 
"Alike valuable to students and engineers in practice; its study will prevent the annoyance o 
avoidable failures,^ and assist them to select the readiest means of successfully carrying out any given 
work connected with hydnuUic engineering. "—AfMiVi^ Journal, 

''It is, of all English books on the subject, the one nearest to completeness .... From the 
" of t' ' ' " ' . . • - - .-.,.. 



good arrangement w the matter, the clear explanations and abundance of formulm, the carefully 
calculated tables, and, above all, the thorough acquaintance with both theory and construction, which u 
displayed from first to last, the book will be found to be an acquisition."— ^rrA//«rA 

Hydraulioa. 

HYDRAULIC MANUAL. Consisting of Working Tables and Explana- 

tory Text. Intended as a Guide in Hydraulic Calculations and Field Operations. . 

By Lowis D*A. Jackson, Author of "Aid to Survey Practice," "Modem 

Metrology," &c. Fourth Edition. Enlarged. Large crown 8vo, i6s. cloth. 

** The author has had a wide eimerienoe in hydraulic engineering and has been a careful observer of 

the focts which have come under hu notice, ana from the great mass of matenal at hu command he has 

constructed a manual which may be accepted as a trustworthy guide to this branch of the c 

fossicn We can heartily recommend this volume to all who desire to be acquamted w 



development of this important tvbyecXJ^'^Etigvutring, 
" The standard work in this depart! 



J donrtment of mechanics.**— ^Av/rMM(M. 

" The most useful feature of thu work b its freedom from what is supeiananated, and its thorough 
adoption of recent experiments ; the text is in foct in great part a short account of the great modem 
** — Nature. 
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Drainage. 

ON THE DRAINAGE OF LANDS, TOWNS AND BUILDINGS. 
By G. D. DSMPSEYt C E., Author of '^The Practical Railway Engineer," &c. 
Revised, with laxge Additions on Recent Practice in Drainage Engineering, 
byD. KiNKEAR Clark, M.Inst C-E., Author of "Tramways: their Construc- 
tion and Working," ** A Manual of Rules, Tables, and Data for Mechanical 
Engineers," &c. Second Edition, Corrected. Fcap. Svo, 5j. cloth, \yust fiMiskid. 
"The new matter added to Mr. Dempiey'a exeeUent work is characterised by the comprehennve 
grasp and aocuracj of detail for which the name of Mr. D. K. Clarit is a suflicicnt ironchcr."— 
Atkimaum, 

I' As a work oo recent practice in drainage engineering, the book is to be commended to aU who mm 
making that branch of engineering science their spedal study."— /nm. 

" A comprehensive manual on drainage engineering, and a useful iirtroductioo to die stadeBi.**-* 

Tramways and their Working. 

TRAMWAYS: Their CONSTRUCTION and WORKING. Embradng 
a Comprehensiye History of the System ; with anexhaustiye Analysis of the Various 
Modes of Traction, induding Horse Power, Steam, Heated Water, and Compressed 
Air ; a Description of the Varieties of Rolling Stock ; and ample Details of Cost 
and Working Expenses ; the Progress recently made in Tramway Construction, &c 
&c. By D. KiNNEAR Clark, M.Inst. C.E. With over 200 Wood Engravings, 
and 13 Folding Plates. Two Vols. Large crown 8vo, 30;. cloth. 
" All interested in tramways must refer to it, as all railway engineers have turned to the aadmr^s 
work ' Railway Machinery.' "—EMgifuer. 

* ' An exhaustive and practical woric on tramways, in which the history of tins kind of locomotion, and 
a description and cost of the various modes of laying tramways, are to be found. '*~^«fiU!riMir Nswn. 

*' The best fonn of rails, the best mode of construction, and the best mechanical appliances, an so 
fairiy indicated in the work under review that any engineer about to constract a tramway will be enabled 
at once to obtain the practical information which will be of most service to him."— ui/ifmoM. 

Obiique Areliee. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF 
OBLIQUE ARCHES, By John Hart. Third Edition, with Plates. Imperial 
8vo, ^. cloth. 

CurveSf Tabiea for Setting-out 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES FOR 
SETTING-OUT CURVES from $ to 200 Radius. By Alexander Beazelby, 
M.Inst C.E. Third Edition. Printed on 48 Cards, and sold in a doth box, 
waistcoat-pocket size, 31. 6d. 
" Each table is printed on a small card, which, being |daced on the theodoGte, leaves the hands fnm 

10 manipulate the instrument— no small advantage as regards the rapidity of work.^' — Bmgmeer. 

** Very handy : a man may know that all his day's woric must fall on two of these cards, whidi he pots 

into his own card-case, and leaves the rest behind."— if/lAcw^now. 

Eartiiworli. 

. EARTHWORK TABLES. Showing the Contents in Cubic Yards of 
Embankments, Cuttings, &c., of Heights or Depths up to an average of 80 feet By 
Joseph Broadbbnt, C.E., and Francis Campin, CE. Crown 8to^ 5/. doth. 
*' The wair in which accuracy is attained, by a simple division of each cross section into three 
dements, two in which are constant and one variable, is ingenious." — Atkeiumm. 

Tunnei Sfiafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. A PracH- 
col and Theoretical Essay. By J. H. Watson Buck, M. Inst. C.E., Resident 
Engineer, London and North- Western Railway. Illustrated with Folding Plates, 
royal 8vo^ 12s. cloth. 

** Many of the methods given are of extreme practical value to the mason, and the obaervatioas on 
the form or arch, the rules for ordering the stone, and the construction of the tempbites, wiU be found of 
connderable use. We commend the book to the engineering profession.'*— ^m/U^msc^ Nkms, 

" Will be regarded by civil engineers as of the utmost value, and calculated to save mu^ time and 
obviate many mistakes."— C^/A'ryy GttanUam. 

Qirdera, Strength of. 

GRAPHIC TABLE FOR FACILITATING THE COMPUTATION 
OF THE WEIGHTS OF WROUGHT IRON AND STEEL GIRDERS, 6v., 
for Parliamentary and other Estimates. By J. H. Watson Buck, M« Inst. CB. 
On a Sheet, zs. 6d. 
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RIoer Engineering. 

RIVER BARS: The Causes of their FormaHon, and their Treatment by 
*^ Induced Tidal Scour;** with a Description of the Successful Reduction by this 
Method of the Bar at Dublin. By I. J. Mann, Assist £ng. to the Dublin Port 
and Docks Board. Royal 8vo, 7/. 6d, cloth. 
/' We reoomoKiid all interested in havboiir work»— and, indeed, those concerned in the tinp.tnrements 
01 jvitn generally—co read Mr. Mann's interestipg woclc on the treatment of river huC^-^Engimur, 

Tmeeea. 

TRUSSES OF WOOD AND IRON. Practical Applications of Science 
in Determining the Stresses, Breaking Weights, Safe Loads, Scantlings y and Details 
of Construction, With Complete Working Drawings. By William Griffiths, 
Surveyor, Assistant Master, Tranmere School of Science and Art. Oblong Svo, 
4r. 6</. cloth. 

" TUa handy little book enters so minutely into every detail connected with the constractioii of roof 
tnisses, that no student need be ignorant of these mMtxxt."— Practical Engineer, 

Railway Worliing. 

SAFE RAILIVA Y WORKING. A Treatise on Railway Accidents : 
Their Cause and Prevention ; with a Description of Modern Appliances and Systems, 
By Clement £. Strbtton, C. £., Vice-President and Consulting Engineer, Amalga- 
mated Society of Railway Servants. With Illustrations and Coloured Plates. 
Second Edition, Enlarged^ Crown 8vo, y. 6d. cloth. \yust published. 

** A book for the ensineer, the directots, the managers ; and, in short, all who wish for informatioo 
eo railway matters will find a perfect encydopiedia in ' Safe Railway Working.' "—Rmilwigt RntUw, 

** We commend the remarks on railway signalling to all railway managers, especially where a uniform 
code and practice is advocated."— ^mr/«M'« R«dhitay JoumaL 

**The author may be congratulated on having collected, in a very convenient form, much valuable 
iafiormatiott on the principal questions affecting the safe working of railways."— i?«//iiwy Bngifu*r, 

Field'Booli for Engineers. 

THE ENGINEER'S^ MINING SURVEYOR'S.and CONTRACTOR'S 
FIELD-BOOK. Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and use of Theodofite for Traverse Surveying and Plotting the Work with 
minute accuracy by means of Straight Edge and Set Square only ; Levelling with 
the Theodolite, Casting-out and Reducing Levels to Datum, and Plotting Sections 
in the ordinary manner ; Setting-out Curves with the Theodolite by Tangential 
Angles and Multiples with Right and Left-hand Readings of the Instrument ; Setting- 
out Curves without Theodolite on the System of Tangential Angles by Sets of Tan- 
gents and Oflbets; and Earthwork Tables to 80 feet deep, calculated for every 6 
inches in depth. By W. Davis Haskoll, C.E. With numerous Woodcuts. 
Fourth Edition, Enlarged. Crown 8vo, \2s, cloth. 

**The bode is very handy ; the separate tables of sines and tangents to every minute will make it 
Oiefiil for many other purposes, the genuine traverse Ubies existing aU the same."— yf M«MrM». 

*' Every person engaged in engineering field operations will estimate the importance of such a work 
and the amount of valuable time which will be saved by reference to a set of reliable tables prepartd 
irilh the aocttxacy and fulness of those given in this volume."— i?ai/znK>' News, 

Eartfiworii, Measurement of. 

A MANUAL ON EARTHWORK. By ALEX. J. S. Graham, C.E. 

With numerous Diagrams. Second Edition. i8mo, 2x. ^d cloth. 

" A great amount of practical information very admirably arranged, and available forrough «»«>ti»»y ^ 
■s well as for the DK>re exact calculations required in the engineer's and contractor's offices/*— ilr/iMM. 

Strains in Ironworii. 

THE STRAINS ON STRUCTURES OF IRONWORK; with Prac 
tical Remarks on Iron Construction, l&j F. W. Shbilds, M. Inst. C.E. Second 
Edition, with 5 Plates. Royal 8vo, 5/. cloth. 
" The student cannot find a better little book on this subject."— Siv^vMr. 

Oast Iron and otiier Metais, Strengtii of. 

A PRACTICAL ESS A Y ON THE STRENGTH OF CAST IRON 
AND OTHER METALS. By Thomas Tredoold, C.E. Fifth Edition, in- 
dading Hodgkinson's Experimental Researches. 8vo, laf. doth. 
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QoMtruQtlon. 

THE SCIENCE OF BUILDING: An EUmeniary Treatise on the 
Principles of Cimstructim. By E. Wyndham Tarn, M.A., Architect. Third 
Edition, Revised and Enlarged, with 59 Engravings. Fcap. 8to, 4/. cloth. 

[Just pubiishid. 
" A very valuable book, which we strongly recommend to all aiMdents.**^Btnider. 
"No architectural itudent should be without this hand-book of constructional knowledge.'^—' 

AfvAitect. 

Villa Architecture. 

A HANDY BOOK Of VILLA ARCHITECTURE: Being a Series 
of Designs for Villa Residences in various Styles, With Outline Specifications and 
Estimates. By C. WiCKES, Architect, Author of " The Spires and Towers of 
England," &c. 61 Plates, 4to, £i lis, 6d. half-morocco, gilt edges. 
"The whole of the designs bear evidence of their bebg the work of an artistic architect, aad they 
will {wove very valuable and suggestive.**— ^MA/fiviVirttv. 

Text Booh for Arohiteota. 

THE ARCHITECT'S GUIDE: Being a Tcxt-book of Useful Infor- 
mation for Architects, Engineers,- Surveyors, Contractors, Clerks of Works, &c, 
&C. By Frederick Rogers, Architect, Author of " Spedfications for Practical 
Architecture," &c Second Edition, Revised and Enlarged. With numerous Illus- 
trations. Crown 8vo, dr. cloth. 
" As a text>book of useful information for architects, engineers, surve)*on, &c., it would be hard to 

find a handier or more complete little volume. *'-~^AiM^an/. 

" A young architect could hardly have a better guide-book.*'— TlrW/^vr Tradts younudm 

Taylor and Cresy's Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By the late 
G. L. Taylor, Esq., F.R.I.B.A., and Edward Cresy, Esq. New Edition, 
thoroughly revised by the Rev. Alexander Taylor, M. A. (son of the late G. L. 
Taylor, Esq.), Fellow of Queen's College, Oxford, and Chaplain of Gray's Inn. 
Large folio, with 130 Plates, half-bound, 2^3 31. 
N.B, — This is the only book which gives on a large scale, and with the precision 

of architectural measurement, the principal Monuments of Ancient Rome in plan, eUva- 

turn, and detail, 

^ " Taylor and Cresy's work has from its first publication been ranked among Ihoae piofessioiial books 

which cannot be bettered. ... It would be difficult to find examples of drawings, even among those 

of the most ptfunstakinff students of Gothic, more thoroughly worked out than are ue one hundred and 

thirty plates in this volume."— iln:^//^^/. 

Architectural Drawing. 

PRACTICAL RULES ON DRAWING, for the Operative BuOder 
and Young Student in Architecture, By George Pynb. With 14 Plates, 4to, 
7x. 6</. bocurds. 

Sir William Chambers's Treatise on Civil Architecture. 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. By 
Sir William Chambers, F.R.S. With Portrait, Illustrations, Notes, and an 
Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. Re- 
vised and Edited by W. H. Leeds, with a Memoir of the Author. 66 Platc% 
4to, 2 IX. cloth. 

House Building and Repairing. 

THE HOUSE^OWNER^S ESTIMATOR; or, What will it Cost to 
Build. Alter, or Repair ? A Price Book adapted to the Use of Unprofessional 
People, as well as for the Architectural Surveyor and Builder. By James D. 
Simon, A.R.I.B. A. Edited and Revised by Francis T. W. Miller, A.R.I.B.A. 
With numerous Illustrations. Fourth Edition, Revised. Crown 8vo, 3*. 6^. clodi. 

•* In two years it will reimy its cost a hundred times oy^x,** ^Fuld. 

"A very handy hoo\t^*^Etfjclisk MechemU. 

Cottages and Villas. 

COUNTRY AND SUBURBAN COTTAGES AND VILLAS: 
How to Plan and Build Them. Containing 33 Plates, with Introduction, General 
ExpUmations, and Description of each Plate. By James W. Bogue, Architect. 
Author of *< Domestic Architecture," &c 4to» lo^. 6d, cloth. \Just publitked. 
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The Hew Builder's Prioe Book, 1891. 

LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1891. A Com- 
prehensive Handbook of the Latest Prices and Data for Builders, Architects, 
Engineers and Contractors. Re-constructed, Re-written and Greatly Enlarged. 
By Francis T. W. Miller. 640 closely-printed pages, crown 8vo. 41. cloth. 

\yust published. 
** This book is a very nsefal one, and should find a place in every English office connected with 
the trailding and eagineering professions.'*— /iu^ms/Hm. 

"This Price Book has been set up io new type Advantage has been Uken of the trans- 
formation to add moch additional information, and the volume is now an excellent book of refer- 

** In its new and revised form this Price Book is what a work of this kind should be— compre- 
Dsive, reliable, well arranged, legible and well bound.'*— finfisA Architect, 
" A work of established reputation."— i4<Ani<VMm. 
'*This very useful handbook is well written, exceedingly clear in its explanations and great 
care has evidently been taken to ensure accuracy."— JVofiim^ Advertiser* 

Deaigning, Measuring, and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEASURING and 
VALUING ARTIFICERS' WORKS. Containing Directions for taking Dimcn- 
sions. Abstracting the same, and bringing the Quantities into Bill, with Tables of 
Constants for Valuation of Labour, and for the Calculation of Areas and Solidities. 
Originally edited by Edward Dobson, Architect. With Additions on Mensura- 
tion and Construction, and a New Chapter on Dilapidations, Repairs, and Con- 
tracts, by E. Wyndham Tarn, M. A. Sixth Edition, including a Complete Form 
of a Bill of Quantities. With 8 Plates and 63 Woodcuts. Crown 8vo, ^s, td. doth. 
** Well fulfils the promise of its title-page, and we can thoroughly recommend it to the class for 
whose use it has been compiled. Mr. Tani^ additions and revisions have much increased the useful- 
ness of the work, and have especially augmented its value to %t\xAeats.'^—Engine*riHg, 

" This edition will be found the most complete treatise on the principles of measuring and valuing 
artificen' work that has yet been published.'*— ^aii7i^'«V Nrws. 

Pooket Estimator and Technical Quide. 

THE POCKET TECHNICAL GUIDE, MEASURER, AND ESTI^ 
MATOR FOR BUILDERS AND SURVEYORS. Containing Technical 
Directions for Measuring Work in all the Building Trades, Complete Specifications 
for Houses, Roads, and Drains, and an Easy Method of Estimating the parts of a 
Building collectively. By A. C. Beaton, Author of " Quantities and Measure- 
ments." Fifth Edition. With 53 Woodcuts, waistcoat-pocket size, is, 6d. gilt edges. 
" No builder, architect, surveyor, or valuer should be without his ' Beaton.' "^-Buildimg News, 
"Contains an extraordinary amount of information in daily requisition in measuring and estimating. 
Its presence in tfie pocket will save valuable time and txoahie.—BuiidiM^ World. 

Donaldson on Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical Guide to 
the Architect, Engineer, Surveyor, and Builder, in drawing up Specifications and 
Contracts for Works and Constructions. Illustrated by Precedents of Buildings 
actually executed by eminent Architects and Engineers. By Professor T. L. 
Donaldson, P.R.I.B.A., &c. New Edition, in one large vol., 8vo, with upwards 
of 1,000 pages of Text, and 33 Plates, £1 its. 6d. cloth. 

'* In this work forty-four specifications of executed works are given, including the specifications for 
uirts of the new Houses of Parliament^ by Sir Charles Barry, and tor the new Royal Exchange, by Mr. 
lUe» M.P. The latter, in particular, is a very complete and remarkable document. It embodies, to 
a great extent, as Mr. Donaldson mentions, ' the bill of quantities, with the description of the works.' 
. . . It is valuable as a record, and more valuable still as a book of precedents. . . . Suffice it 
to »7 that Donaldson's ' Handbook of Specifications' must be bought by all architects.'*— ^M/e£rr. 

Bartholomew and Rogers' Specifications. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. A 
Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay on the 
Structuiv and Science of M(^em Buildings. Upon the Basis of the Work by Alfred 
Bartholomew, thoroughly Revised, Corrected, and greatly added to by Frederick 
Rogers, Architect. Second Edition, Revised, with Additions. With nnmerous 
Illustrations, medium 8vo, 15X. cloth. 

" The collection of specifications prepared by Mr. Rogers on the basts of Bartholomew's woik is too 
veil known to need any recommendation from us. It is one of the books with which every young archi- 
tect must be equipped ; for time has shown that the specificaticns cannot be set aside through any 
ddect in thtm.*'^Arckiteet, 
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Building ; Civil and EQoieaiastioal. 

A BOOK ON BUILDING, Civil and Ecclesiastical, including Chnrai 
Restoration ; with the Theory of Domes and the Great Pyramid, &c. By Sir 
Edmund Beckett, Bart., LL.D., F.R.A.Sm Author of "Clocks and Watches, 
and Belb," &c Second Edition, Enlarged. Fcap. 8to/ 5^. cloth. 
•* A book which is always amusing and nearly always instructive. ¥be style thron^ioat is in the 
bagbest degree condensed and epigrammatic"— rtmcs. 

Ventilation of Buildings. 

VENTILA TION. A Text Book to the Practice of the Art of Ventilatinj^ 

• Buildings. With a Chapter upon Air Testing. By W. P. Buchan, R. P., Sanitary 

and Ventilating Engineer, Author of "Plumbing," &c. With 170 Illustrations. 

i2mo, 4/. cloth boards. IJusi publiskid. 

The Art of Plumbing. 

PLUMBING. A Text Book to the Practice of the Art or Craft of the 
Plumber^ wUh SuppUnuntary Chapters on House Drainage^ embodying the latest 
Improvements. By William Paton Buchan, R.P., Sanitary Eneineer and 
Practical Plumber. Fifth Edition, Enlarged to 370 pages, and 580 IlTostratioiis, 
t2mo^ 4/. cloth boards. 
*' A text book which may be safely pat in the hands of every young plumber, and which will 

also be found usefal by architects and medical professors.**— fiiM/ocr. 

** A valuable text book, and the only treatise which can be regarded as a really rdiable manual 

of the plumber's zxX.:*— Building News, 

Qeometry for the Arohiteot, Engineer, Ac. 

PRACTICAL GEOMETRYJor the ArchUect, En^neer, and Mechanic. 
Giving Rules for the Delineation and Application of various Geometrical Lines, 
Figures, and Curves. By E. W. Tarn, M. A., Architect, Author of " The Science 
of Building," &c. Second Edition. With 172 Illustrations, demy 8vo, 9^. cloth. 
*' No book with the same -objects in view has ever been published in which the clearness of the rules 
laid down and the illustrative diagrams have been so satisfactory.'*— ^c9/xm«». 

The Science of Qeometry. 

THE GEOMETRY OF COMPASSES; or, Problems Resolved by the 
mere Description of Circles, and the use of Coloured Diagrams and Symbols. By 
Oliver Byrne. Coloured Plates. Crown 8vo, y. 6d. cloth. 
"The treatise is a good one. and remarkable— like all Mr. Byrne's contiibutioos to the sdenoe oi 
geometry— for the Incid character of its teaching."— ^aM7tf/iy Nemt. 



DECORATIVE ARTS, etc. 
Woods and Marbles, Imitation of. 

SCHOOL OF PAINTING FOR THE IMITATION OP WOODS 
AND MARBLES, as taught and practised by A. R. Van dsr Burg and P. 
Van der Burg, Directors of the Rotterdam Painting Institution. Royal folio, 
l8i by I2i in.. Illustrated with 24 full-size Coloured Plates; also 12 plain 
Plates, comprising 154 Figures. Second and cheaper Edition. Price ;f I lix. 6d 
List of Plates* 

t. Various Tools re<iutred for Wood Painting— 
S. 3. Walnut I PreliminaryStages of Graining and 
Finished Specimen— 4. Tools used for Marble 



n— 5. 6. St. 



cess and Finished Specimen -> tQ. Mahogany; 
Specimens of varioos Grains and Methods of 



Painting ami Method of Manipulation— 5. . . 
Remi Marble ; Earlier Operations and Finished 
Specimen — 7. Methods of Sketching |difierent 
C^ns, Knots, &c— 8,9. Ash: Preliminaiy Sta^ 
and Finished Spedmen^io. Methods of SKetchiog 
Marble Grains — 11. la. Br^cheMarUe; Prelimin- 
ary Stages of Working aod Finished Specimen-s- 
rx. Maple; Methods of Producing the diffeient 
Grains— 14. i<. Bird's-eye Maple; Preliminary 
Stages and Fuished Specimen— z6. Methods of 
Sketching the diflerent species of White Marble 
17, t8. White Marble { Preliminary Stages of Pro- 

" Those who de«re to attain skill in the art of painting woods and marbles will find advantage in 
consulting this book. . . . Some of the Working Men's Qubs should give thdr young men tbe 
opportumty to study it,**^Btdldtr, 

*' A comprehensive guide to the art. The explanations <^ the processes, the manipulation and manage- 
ment of the colours, and the beautifully executed plates will not be the least valuable to the f t#r*f who 
ainu at making his work a faithful transcript of nature.**— J^aaA/MSf AVmr. 



Speamens of venous Grains and Methods of 
Manipulation— eo, st. Mahogany ; Earlier Stages 
and Finished SiMcimen— ea, ay, 94. Sienna Blaible : 
Varieties of Grain, Preliminary Stages and Finished 
Specimen— as. e6^ st. Juniper Wood : Methods of 
producing Grain, &c. — Preliminary Stages and 
Finished Specimen — aS, 99, 3a Vert de Mcr 
Marble ; Varieties of Grain and Methods of Woik- 
ing, Unfinished and Finished Specimens — 31, 3s, 
93. Oak ; Varieties of Grain, Tools em^oyed and 
Methods of Manipulation, Preliminary Stages and 
Finished Specimen— 34. 3^ 36. Waulsott Maxble 1 
Varieties of Grain, t/nfinished and Finished 
Specimens. 
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HouBB Decoration. 

ELEMENTARY DECORATION: A Guide to the Simpler Forms of 
Everyday Art, as applied to the Interior and Exterior Decoration of Dwelling 
Houses, &c. By James W. Facey, Jun. With 68 Cuts. i2mo, 2J. cloth limp. 

PRACTICAL HdUSE DECORATION: A Guide to the Art of Orna- 
mental Painting, the Arrangement of Colours in Apartments, and the principles of 
Decorative Design. With some Remarks upon the Nature and Properties of Pig- 
ments. By James William Facey, Author of •« Elementary Decoration," &c. 
With numerous Illustrations. i2mo, zs, 6d. cloth limp. 

N.B.— 7:%^ a6(me Tw§ W0rks together in One Vol., strvngfy half^aund. price ^. 

Colour, 

A GRAMMAR OF COLOURING. Applied to Decorative Painting and 
the Arts. By Georoe Field. New Edition, Revised, Enlaiged, and adapted 
to the use of the Ornamental Pamter and Designer, by Ellis A. Davidson. With 
New Coloured Diagrams and Engravings. i2mo, 31. 6d, cloth boards. 
*' The book is a most usefid rttumS of the properties of pijcments."— J?MA^r. 

House-Painting, Graining, etc. 

MOUSEUP AINTING, GRAINING,MARBUNG&* SIGN WRITING, 
A Practical Manual of. By Ellis A. Davidson. Fifth Edition. With Coloured 
Plates and Wood Engravings. i2mo, 6x. cloth boards. 

** A mass of inronnation, of use to the amateur and of value to the practical man."— i^Mtf/uA Mtckamc. 

** Simply invaluable to the youngster entering upon this particular calling, and higUy serviceable to 
the man who is practising iu"'-FumitHre Gautte. 

Decorators, Receipts for. 

THE DECORATOR'S ASSISTANT: A Modern Guide to Decora- 
tive Artbts and Amateurs, Painters. Writers, Gilders, &c. Containing upwards of 
600 Receipts, Rules and Instructions ; with a variety of Information for General 
Work connected with every Class of Interior and Exterior Decorations. &c., 
Fourth Edition, Revised. 152 pp., crown 8vo, is. in wrapper. 
'* Full of receipts of value to decorators, painters, gilders, &c. The book contains the gist of larger 

treatises on colour and technical processes. It would be difficult to meet with a work so full of vaned 

information on the painter's 9n**—BuHdiMg News. 

** We recommend the work to all who, whether for pleasure or profit, require a guide to decoration.*' 

— iV«w»Arr and Decoratcr, 

Moyr Smit/i on interior Decoration. 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN. 
By J. Moyr Smith. Super-royal 8vo, with Thirty-Two Full-Page Plates and 
numerous smaller Illustrations, handsomely bound in cloth, gilt top, price i&r. 
"The book is well illustrated and handsomely got up, and contains some true criticism and a good 
many good examples of decorative treatmenL"— T^A^r Builder. 

"This is the most elaborate and beautiful work on the artistic decoration of interiors that we have 
seen. . . . The scrolls, panels, and odier designs from the author's own pen are very beautiful and 
chaste ; but he takes care that the designs of other men shall figure even more than his own." — Liver' 
pool Albicn, 

"To all who take an interest in elaborate domestic ornament this handsome volume will be 
welcome."— Cra/AfV. 

British and Foreign Marbles. 

MARBLE DECORA TION and the Terminolo^ of British and Foreign 

Marbles. A Handbook for Students, By George H. Blagrove. Author of 

'* Shoring and its Application," &c. With 28 Illustrations. Cr. 8vo. 3^. dd. cloth. 

"This most useful and much wanted handbook should be in the hands of every architect and 

boUder."— iJui/iftff^ World. 

" It is an excellent manual for students, and interesting to artistic readers generally."— Sa/tir<fay 
Rtvxew. 

" A carefully and usefully written treatise ; the work is essentially practical."— Scofaman. 

Marbie Worlting, etc. 

MARBLE AND MARBLE WORKERS: A Handbook for Architects, 
Artists, Masons and Students. By Arthur Lee, Author of *• A Visit to Carrara," 
•*The Working of Marble,** &c. Small crown 8vo, 2s. cloth, 
" A really valuable addition to the technical Htcratme of architects and masons.''— BmjWmi^ Sews 

B 
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DELAMOTTE'S WORKS ON ILLUMINATION AND ALPHABETS. 

A PRIMER OF THE ART OF ILLUMINATION, for the Use of 
Beginrurs : with a RudimenUry Treatise on the Art, Practical Directions for its 
exercise, and Examples taken from Illuminated MSS., printed in Gold and Colours. 
ByF, Delamotte. New and Cheaper Edition. Small 4to, 6/. ornamental boards. 

"The examples of ancient MSS. recommended to the student, which, with much good seme, the 
author chooses from collections accessible to all« are selected with judgment and knowledge, as well as 
uste. * '—-4 thenaum. 

ORNAMENTAL ALPHABETS, Ancient and Mediaval, from the Eighth 
Century, with Nutnerals ; including Gothic, Church-Text, laige and small, German, 
Italian, Arabesque, Initials for Illumination, Monograms, Crosses, &c. Slc, for the 
use of Architectural and Engineering Draughtsmen, Missal Painters, Masons, 
Decorative Painters, Lithographers, Engravers, Carvers, &c. && Collected and 
Engraved by F. Delamotte, and printed in Colours. New and Cheaper Edition. 
Royal 8vo, oblong, 2s. 6d. ornamental boards. 
*' For those who insert enamelled sentences round gilded chalices, who blazon shop legends arer shop- 
doors, who letter church walls with pithy sentences from the Decalogue, this book wul be useluL"— 
AtAemeum, 

EXAMPLES OF MODERN ALPHABETS, Plain and Ornamental, 
including German, Old English, Saxon, Itdic, Perspective, Greek, Hebrew, Court 
Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; with several 
Original Designs, and an Analysis of the Roman and Old English Alphabets, large 
and small, and Numerals, for the use of Draughtsmen, Surveyors, Masons, Decora- 
tive Painters, Lithographers, Engravers, Carvers, &c. Collected and Engraved by 
F. Delamotte, and printed in Colours. New and Cheaper Edition. Royal 8vo, 
oblong, 2s. 6d. ornamental boards. 
" There is comprised in it every possible shape into which the letters of the alphabet and numerals can 

be formed, and the talent which has been expended in the conception of the various plain and omamenul 

letters is ytOD.6.txi\x\ "—Standard, 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS, By F. G. Delamotte. Containing 21 Plates and Illuminated Title, 
printed in Gold and Colours. With an Introduction by J. Willis Brooks. 
Fourth and Cheaper Edition. Small 4to, 41. ornamental boards. 
*' A volume in which the letters of the alphabet come forth glorified in gilding and all the ooloun of 

the prism interwoven and intertwined and intermingled."— ^wii. 

THE EMBROIDERER'S BOOK OF DESIGN. Containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical Devices, 
Mediaeval and Modem Alphabets, and National Emblems. Collected by F. Dela- 
motte, and printed in Colours. Oblong royal 8vo, u. 6d. ornamental wrapper. 
*' The book will be of great assistance to ladies and young children who are endowed with the art of 

plying the needle in this most ornamental and useful (retty work.'*— i^ox/ Anglian Timet. 



Wood Carving. 

INSTRUCTIONS IN WOOD-CARVING, for Amateurs j with Hints 
on Design. By A Lady. With Ten PhUes. New and Cheaper Edition. Crown 
8vO, 2J. in emblematic wrapper. 

"The handicraft of the wood-carver, so well as a book can impart it, may be learnt from 'A Lady's • 
publication.'' — A tkenttum. 

•* The directions given are pUin and easily understood."— Jf«/i/M Mtckanic, 

Glass Painting. 

GLASS STAINING AND THE ART OF PAINTING ON GLASS. 
From the German of Dr. Gessbrt and Emanuel Otto Fromberg. With an 
Appendix on The Art of Enamelling. i2mo, 2s, 6d, cloth limp. 

Letter Painting. 

THE ART OF LETTER PAINTING MADE EASY, By Tames 
Greio Badenoch. With 12 fullpage Engravings of Examples, u.dr/. doth limp. 

" The system is a simple one. but quite original, and well worth the careful attention of letter 
painters. It can be easily mastered and r«membei«d."'^^»<y<fMf Ntw, «*«««» w lener 
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CABPENTRY, TIMBER, etc. 
Tredgold'8 Carpentry, Revised and Enlarged by Tarn. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : ATreaiise 
on the Pressure and Equilibrium of Timber Framing, the Resistance of Timber, 
and the Construction of Floors, Arches, Bridges, Roofs, Uniting Iron and Stone 
with Timber, &c. To which is added an Essay on the Nature and Properties of 
Timber, &c., with Descriptions of the kinds of Wood used in Building; also 
numerous Tables of the Scantlings of Timber for different purposes, the Specific 
GniYities of Materials, &c. By Thomas Trkdgold, C.E. With an Appendix 
of Specimens of Various Roofs of Iron and Stone, Illustrated. Seventh Edition, 
thoroughly Revised and considerably Enlaz|[ed by E. Wyndham Tarn, M.A., 
Author of " The Science of Building," &c. With 61 Plates, Portrait of the Author, 
and several Woodcuts. In One large Vol., 4to, price 25^. cloth. 
*' Ought to be in every architect's and every builder's library."— ^«/V<(/*r. 
"A work whose monumental excellence mast commend it wherever skilful carpentry is concerned. 

The author's principles are rather confirmed than impaired by time. The additional plates are of great 

iBtrinaic ralyxt."— Building Nrws. 

Woodworking Machinery. 

WOODWORKING MACHINERY: lis Rise, Progress and Consiruciion. 
With Hints on the Management of Saw Mills and the Economical Conversion of 
Timber. Illustrated with Examples of Recent Designs by leading English, French, 
and American Engineers. By M. Powis Bale, A.M. Inst. C.E., M.I.M.E. Large 
crown 8vo, izr. 6</. doth. 
"Mr. Bale is evidently an expert on the subject, and he has collected so much information that his 
book is ail-sufficient for builders and others engaged in the conversion of timber." — Architect, 

" The most comprehensive compendium of wood -working machinery we have seen, llxe author is a 
thorough master of his subject."— ^MV<//>r News. 

" The appearance of this book at the present time will, we should think, give a considerable impe- 
tus to the onward march of the machinist engaged in the designing and manufacture of wood-working 
machines. It should be in the office of every wood-workiug iaucloty,^'— English Mechanic, 

Saw Milla. 

SA W MILLS: Their Arrangement and Management^ and the Economical 
Conversion of Timber. (A Companion Volume to " Woodworking Machinery,*') 
By M. Powis Bale. With numerous Illustrations. Crown 8vo, ioj. 6</. cloth. 

" The administrmtion of a large sawing establishment is discussed, and the subject examined from a 
financial standpoint. Hence the sase, shape, order, and disposition of sawmills and the like are gone into 
in detail, and the course of the timber is traced from its reception to its delivery in its converted state. 
We could noC desire a more complete or practical Xxtajost.**— Builder, 

** We highly recommend Mr. Bale's work to the attention and perusal of all those who are enj^aged m 
the art of wood conversion, or who are about building or remodelling sawmills on improved pruaples."— 
BuiUiuig' News, 

Carpentering. 

THE CARPENTER'S xVEW GUIDE y or, Book of Lines for Carpen. 
ters ; comprising all the Elementary Principles essential for acquiring a knowledge 
of Carpentry. Founded on the late Peter Nicholson's standard work. A New 
Edition, Revised by Arthitr Ashpitel, F.S.A. Together with Practical Rules 
on Drawing, by George Pyne. With 74 Plates, 4to, £1 u. cloth. 

Handraiiing and Stairbuilding. 

A PRACTICAL TREATISE ON HANDRAILING : Showing New 
and Simple Methods for Fmding the Pitch of the Plank, Drawing the Moulds, 
Bevelling, ]ointing-up, and Squaring the Wreath. By George Collings. 
Second Edition, Revised and Enlarged, to which is added A Treatise on Stair- 
building. With Plates and Diagrams. i2mo, 2J. 6d, cloth limp. \Ju5t ptMished, 
" Will be found of practical utility in the execution of this difficult branch of joinery."— -ffwiSifcr. 
"' Almost every difficult phase of this somewhat intricate branch of joinery is elucidated by the aid 

of plates and explamatory letterpress." — Furniture Gazette, 

Circuiar Worli. 

CIRCULAR WORK IN CARPENTRY AND JOINERY: A 
Practical Treatise on Circular Work of Single and Double Curvature. By George 
Collings, Author of "A Practical Treatise on Handraiiing." Illustrated with 
numerous Diagrams. Second Edition, ismo, 2j. (id, cloth limpt 
" An excellent example of what a book of this kind should be. Cheap in price, dear in definition 

and practical in the examples selected."— BuUder, 
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Timber Merchant's Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COMPANION. 
Containing New and Copious Tables of the Reduced Weight and Measurement of 
Deals and Battens, of all sizes, from One to a Thousand Pieces, and the relative 
Price that each size bears per Lineal Foot to any given Price per Petersburgh Stan- 
dard Hundred ; the Price per Cube Foot of Square Timber to any given Price per 
Load of 50 Feet ; the proportionate Value of Deals and Battens by the Standard, to 
Square Timber by the Load of 50 Feet ; the readiest mode of ascertaining the Price 
of Scantling per Lineal Foot Of any size, to any given Figure per Cube Foot» &c. &c. 
By William Dowsing. Fourth Edition, Revised and Corrected. Cr. 8vo, y. doth. 
" Everything is as condse and clear as it can possibly be made. There can be no doubt that every 

timber merchant and builder ought to possess it.*'— Hull Advertiser, 

" We are glad to see a fourth edition of these admirable tables, which for correctness and simpScity of 

arrangement leave nothing to be desired." — Tindfer Trades* Journal, 

'~An exceedingly well-arranged, clear, and concise manual of tables for the use of all who boy or sell 

x\xt^»tx**'—J(mnuu of Forestry, 

Praotioal Timber Merchant 

THE PRACTICAL TIMBER MERCHANT: Being a Guide for the use 
of Building Contractors, Surveyors, Builders, &c., comprising useful Tables for all 
purposes connected with the Timber Trade, Marks of Wood, Essay on the Strength 
of Timber, Remarks on the Growth of Timber, &c. By W. Richardson. Fcap. 
8vo, 3J. dflT. cloth. 
"This handy manual contains much valuable information for the use of timber merchants, boilders, 
foresters, and all others connected with the'growth, sale, and manufacture ^um\itx,'^—yoHmalo/Farestrx» 

Timber Freight Booli. 

THE TIMBER MERCHANT'S, SAW MILLER'S, AND IM- 
PORTER'S FREIGHT BOOK AND ASS/STAAT. Comprising Rules, 
Tables, and Memoranda relating to the Timber Trade. By William KICH akdson. 
Timber Broker ; together with a Chapter on Speeds op Saw Mill Machinery, 
by M. Powis Bale, M.I.M.E., &c. i2mo, 31. 6d, cloth boards. 
*' A very useful manual of rules, tables, and memoranda, relating to the timber trade* We recom- 
mend it as a compendium of calculation to all timber measurers and merchants, uid as supplying a real 
want in the tnde"—BiaidiH£ News. 

Pao/fingCase M altera, Tabiea for. 

PACKING-CASE TABLES; showing the number of Superficial Feet 
in Boxes or Packing-Cases, from six inches square and upwards. By W. RICHARD- 
SON, Timber Broker. Second Edition. Oblong 4to, y. 6d, cloth. 
" Invaluable labour-saving tables."— /nwMrwfirr. " Will save much labour and csXcxAa^osu^^Grpcer, 

Superficial Measurement 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEASURE- 
MENT, Tables calculated from i to 200 inches in length, bv i to 108 inches in 
breadth. For the use of Architects, Survevors, Engineers, Timber Merchants, Bailden, 
&c. By James Hawkings. Third Edition. Fcap., y, 6d, cloth. 
*' A useful collection of tables to facilitate rapid calculation of sur&oes. The exact area of any 

surface of which the limits have been ascertained can be instantly determined. The book will be foond 

of the greatest utility to all engaged in building opentiooM,**—Seotsma«, 

" These Ubles will be found of great assistance to all who require to make calculations in superficial 

measurement." — English Mechanic, 

Forestry. 

THE ELEMENTS OF FORESTRY. Designed to afford Information 
concerning the Planting and Care of Forest Trees for Ornament or Profit, with 
suggestions upon the Creation and Care of Woodlands. By F. B. Hough. Laige 
crown 8vo, lOf. cloth. 

Timber Importer's Quide. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, AND 
BUILDER'S STANDARD GUIDE, By Richard E. Grandy. Compris- 
ing:— An Analysis of Deal Standards, Home and Foreign, with Comparative 
Values and Tabular Arrangements for fixing Nett Landed Cost on Baltic and 
North American Deals, including all intermediate Expenses, Freight, Insurance, 
&c. &c ; together with copious Information for the Retailer and Builder. Third 
Edition, Revised. i2mo, 2s, cloth limp. 
" ETenrthing it pretends to be : built up gradually, it leads one from a forest to a treenail, and throws 
In, as a makeweight, a host of material concerning bricks, columns, cisterns, &c.*'^£ngitsh MrcAamte, 
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MARINB KNGINKKRING, NAVIGATION, etc. 
Chain Cables. 

CHAIN CABLES AND CHAINS. Comprising Sizes and Curves of 
Links, Studs, &c., Iron for Cables and Chains, Chain Cable and Chain Making, 
Forming and Welding Links, Strength of Cables and Chains, Certificates^ for 
Cables, Marking Cables, Prices of Chain Cables and Chains, Historical Notes, 
Acts of Parliament, Statutory Tests, Charges for Testing, List of Manufacturers dl 
Cables, &c., &c By Thomas W.Traill, F.E.R.N., M.InstC.E., Engineer- 
Survevor-in-Chief, Board of Trade, Inspector of Chain Cable and Anchor Proving 
Establishments, and General Superintendent, Lloyd's Committee on Proving 
EsUblishments. With numerous Tables, Illustrations, and Lithographic Drawings, 
Folio, £2 2s, cloth, bevelled boards. 

*' It Gontains a vast unount of valuable infonaatioD. Nothing teena to be wanting to make it a con* 
plete and standard work of reference on the subject.'*— JVa«/£M/ MtiimMtm. 

Marine Engineering. 

MARINE ENGINES AND STEAM VESSELS (A Treatise on). 
By Robert Murray, C.E. Eighth Edition, thoroughly Revised, with considerable 
Additions by the Author and by George Carlisle, C.E., Senior Surveyor to the 
Board of Trade at Liverpool i2mo, y. cloth boards. 
** Well adapted to give the young steamship engineer or marine engine and boiler maker a genera 
introduction into his practical motk?'—MichanicariVorld. 

** We feel sure that this thoroughly revised edition will continue to be as popular in the future 
as it^haa been in the past, as, for iu size, it contains more oaefhl Information than anj similar 
treatitiC- '* -IndwtHfi. 

** As a compendious and useful guide to engineers of our mercantile and royal naval services, we 
should say it cannot be surpassed."— B«iMtfig>r«ws. 

** The information given is both sound and sensible, and well qualified to direct young sea-going 
bands on the straight road to the extra chief's certificate. . . . Most useful to surveyors, inspeetan, 
dranghtamen, and all young engineers who take an interest in their profession."— G^oigow Herald, 
** An indispensable manual for the student of marine engineering."— L«««r;^ee/ Mtrtury, 

Poolfet'Boolf for Navai Arofiiteots and Sfiipbuiiders. 

THE NA VAL ARCHITECT'S AND SHIPBUILDER'S POCKET- 

BOOK of Formula, RuUs, and Tables, and MARINE ENGINEER* S AND 

SURVEYOR'S Handy Book of Reference. By Clement Mackrow, Member of 

the Institution of Naval Architects, Naval Draughtsman. Fourth Edition, Revised. 

With numerous Diagrams, &c. Fcap., izr. M, strongly bound in leather. 

''Shoold be used by all w1m> are engaged in the construction or design of vessels. • . . Will be 

fomd to contain the most useful Ubles and formulis required by shtpbuilders, carefully collected Irom 

the best authorities, and |Nit together in a popular and simple iotau -^Enginter, 

" The professional snipbuilder has now, in a convenient and accessible form, reliable data for solving 
many of the numerous problems that present themselves in the course of his work."— ^/nm. 

"There is scarcely a subject on which a naval ardiitect (v shipbuilder can require to refiresh hai 
memory which will not be found within the covers of Mr. Mackrow's book."— JF^irArA Meckmnie. 

Pociiet'Booii for Marine Engineers. 

A pocket-book OF USEFUL TABLES AND FORMULAE FOR 
MARINE ENGINEERS. By Frank Proctor, A.I.N. A. Third Edition. 
Royal 3amo, leather, gilt edges, with strap, 41. 

** We recommend it to our rsaders as jgoing iar to supply a h>ng-lelt want.''-»JVara/ Sdemce. 

■* A moat useful companion to all maime engineers.*^-- c^Mf/«(/ Seroic* GoMeiie. 

introduotion to Marine Engineering. 

ELEMENTARY ENGINEERING: A Manual for Young Marine 
Engineers and Apprmtica. In the Form of Questions and Answers on Metals, 
Alloys, Streneth of Materials, Construction and Management of Marine Engines 
and Boilers, Geometry, &c. && With an Appendix of Useful Tables. ByjOHN 
Shbrrsn Brewer, Government Marine Surveyor, Hongkong. Small ciown 
8vo» ^s. cloth. 
*« Contains much valnaUa infionnation lor the class for whom it is intended, especially ia the 

chapters on the maaagemsnt of boilers end engines."^N««HMi MagOMme. 
^ A ntefal Intredncdon to the more elaborate test books.'^-^Sco«MfMl•. 
"To a student who has the requisite deaire and resolve to attain a tborongfa kaowledat. Mr. 

Brewer oifers decidedly useful \S^:*'^Atke»anm, ^^ «iwwie«iw, sar. 

Navigation. 

PRA CTICAL NA VIGA TION Consisting of The Sailor's Sea-Book, 
by James Greenwood and W. H. Rosseri together with the requisite Mathe- 
matical and Nautical Tables for the Working of the Problems, by Henry Law, 
C.E.9 and Professor J. R. Young. Ulustiated. ismo, 7/. strongly half-boiuid. 
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Metalliferous Mining in the United Kingdom. 

BRITISH MINING : A Treatise on the History^ Discovery, Practical 
Development^ and Future Prospects of Metalliferous Mines in the United Kingdom^ 
By Robert Hunt, F.R.S., Keeper of Mining Records ; Editor of "Ure's Dic- 
tionary of Arts, Manufactures, and Mines," &c. Upwards of 950 pp., with 230 
Illustrations. Second Edition, Revised. Super-royal 8vo, £^ 2s. doth. 
*' One of the most valuable works of reference of modern times. Mr. Hunt, as Keeper of Miains 
Records of the United Kingdom, has had opportimities for such a ta»k not enjoyed by anyone else, and 
has evidently made the most of them. . . . The language and stvle adopted are good, and the treat- 
ment of the various subjects laborious, conscientious, and scientific.' —Engtneerinf, 

" The book is, in fact, a treasure-house of statistical information on mining subjects, and we know 
of no other work embodying so great a mass of matter of this kind. Were this the only merit of Mr. 
Hunt's volume it would l>e sufficient to r«»idcr it indispensable in the library of everyone interested in the 
development of the mining and metallurgical industries of this country." — AtAetuntsti. 

*' A mass of information not elsewhere available, and of the greatest value to those who may be in- 
terested in our great mineral industries."— £i«f»r/^r. 

"A sound, business-like collection of interesting facts The amount of informatioa Mr. 

Hunt has brought together is enormous. . . . The volume appears likely to convey more instructioa 
upon the subject than any work hitherto published." — Minittg yourtuU, 

Colliery Management 

THE COLLIERY MANAGER'S HANDBOOK: A Comprehensive 
Treatise on the Layini^.oat and Working of Collieries, Desired as a Book of 
Reference for Colliery Managers, and for the Use of Coal-Muiing Students pre- 
paring for First-class Certificates. By Caleb Pamely, Mining Engineer and 
Surveyor ; Member of the North of England Institute of Mining and Mechanical 
Engineers; and Member of the South Wales Institute of Mining Engineers. 
With nearly 500 Plans, Diagrams, and other Illustrations. Medium 8vo, about 
600 pages. Price £1 5j. strongly bound. \Just ready. 

Coal and Iron, 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM, Comprising a Description of the Coal Fields, and of the Principal 
Seams of Coal, with Returns of their Produce and its Distribution, and Analyses of 
Special Varieties. Also, an Account of the occurrence of Iron Ores in Veins or 
Seams ; Analyses of each Variety ; and a History of the Rise and Progress of Pig 
Iron Manufacture. By Richard Meade, Assbtant Keeper of Mining Recoids. 
With Maps. 8vo, £1 Zs. cloth. 

" The book is one which must find a place on the shelves of all interested in coal and iron production, 
and in the iron, steel, and other metallurgical industries." — Engineer. 

" Of this book we may unreservedly say that it is the best of its class which we have ever met. • . . 
A book of reference which no one engaged in the iion or coal trades should omit from his library."— /rwn 
»$ul Co€U TVades* Review. 

Prospeotlng for Gold and other Metals, 

THE PROSPECTOR'S HANDBOOK: A Guide for the Prospector 
and Traveller in Search of Metal-Bearing or other Valuable Minerals. By J. W. 
Anderson, M.A. (Camb.), F.R.G.S., Author of "Fiji and New Caledonia." 
Fifth Edition, thoroughly Revised and Enlarged. Small crown 8vo, 3.r. 6d, doth. 
" Will supply a much felt want, especially among Colonists, in whose way are so often thnnrn many 



mineralogical specimens the value of which it is difficult to detcnDine.*'^E^fineer^ 

** How to find commercial minerals, and how to identify them when they are found, are the leadmr 
points to which attention is directed. The author has managed to pack as mudi practical detail into hS 
pages as would supply material for a book three times its size."— /fiiwm?^ youmat. 

Mining Notes and Formulas. 

NOTES AND FORMULAE FOR MINING STUDENTS. By JOHN 
Herman Merivale, M.A., Certificated Colliery Manager, Professor of Mining in 
the Durham College of Science, Newcastle-upon-Tyne. Third Edition, Revised 
and Enlarged. Small crown 8vo, 2s. 6d. doth. \Just published. 

*' Invaluable to anyone who is working up for an examination on mining subjecto."— Coo/oistf /rvn 
Trades* Review. 

'^The author has done his work in an exceedingly creditable manner, and has produced a book 
*5»tiinil be of service to students, and those who are practically engaged in mining operadooa."— 

" A vast amount of technical matter of the utmost value to mining engineers, and of considerable 
intwest to students."— 5'cAotf/iif«x/*r. -«cr«oie 
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Explosiues. 

A HANDBOOK ON MODERN EXPLOSIVES. Being a Practical 
Treatise on the Manufacture and Application of Dynamite, Gun-Colton, Nitro- 
Glycerine and other Explosive Compounds. Including the Manufacture of 
Collodion* Cotton. By M. Eissler, Mining Engineer and Metallurgical Chemist, 
Author of *'The MeUUurgy of Gold," "The Metallurgy of Silver," &c With 
about 100 Illustrations. Crown 8vo, icw. 6d. cloth. [yust published. 

" Uselol not only to the miner, bat alto to officers of both tenrices to wbom blasting and ths 
use of ezplosives generallr maj at aoj time become a necessary auxiliary."— /Va/t<rr. 

"A vertuble mine of mformatioii on the subject of explosives employed for miliury, mining and 
blasting purposes."— ilrmy and Navy Gaxette. 

** The book is clearly written. Taken a^ a whole we consider it an excellent little book and one 
that should be ionnd of great service to miners and others who are engaged in work requiring the 
us3 of explosives."^.4/Amiriim. 

Qold, Metallurgy of. 

THE METALLURGY OF GOLD : A Practical Treatise on the 
Metallurgical Treatment of Gold-bearing Ores. Including the Processes of Concen- 
1 ration and Chlorination, and the Assaying, Melting and Refining of Gold. By M. 
Eissler, Mining Engineer and Metallurgical Chemist, formerly Assistant Assayer 
of the U.S. Mint, San Francisco. Third Edition, Revised and greatly Enlarged. 
With 187 Illustrations. Crown Svo, 12s. 6d. cloth. [J^ust published. 

** This book thoroughly deserves its title of a ' Practical Treatise.* The whole process of gold 
milling, from the breakmg of the quartz to the assay of the bullion, is described in clear and orderly 
narrative and with much, out not too much, fulness of detail.*'— S<i/fir<iay Review. 

" The work is a storehouse of information and valuable data, and we strongly recommend it to 
all professional men engaged in the gold-mining industry."— Aftnin^ Journal. 

Silver, Metallurgy of. 

THE METALLURGY OF SILVER: A Practical Treatise on the 
AmatgumatioH, Roasting", and Lixiviation of Silver Ores. Including the Assaying, 
Melting and Refining of Silver Bullion. By M. Eissler, Author of '< The Metid- 
luigy of Gold" With 124 Illustrations. Crown Svo, lox. (>d. doth. 

** A practical treatise, and a technical work which we are convinced will supply a long ielt w ^nt 
amongs t practical men, and at the same time be of value to students and others mdirectly connected 
with the mdustries."— Af tiitiig' Journal. 

** From first to last the book is thoroughly sound and reliable."— Ce/lMry Guardian. 

" For chemists, practical miners, assayers and investors alike, we do not know of any work on 
the subject so handy and yet so comprehensive."— Gtosgow Herald, 

Siluer-Lead, Metallurgy of 

THE METALLURGY OF ARGENTIFEROUS LEAD ORES: A 
Practical Treatise on the Smelting of Silver-Lead Ores and the Refining of Lead 
Bullion. Illustrated with Plans and Sections of Smelting Furnaces and Plant 
in Europe and America. Bv M. Eissler, Author of « The Metallurgy of Gold," 
" The Metallurgy of Silver,'^ &c. Crown 8vo. \ln th$ press. 

Metalliferous Minerals and Mining. 

TREA TISE ON METALLIFEROUS MINERALS AND MINING. 
By D. C. Davies, F.G.S., Mining Engineer, &c., Author of " A Treatise on Slate 
and Slate Quarrying." Illustrated with numerous Wood Engravings. Fourth 
Edition, cardfuUy Revised. Crown 8vo, izr. 6d, doth. 

'* Neither the practical miner nor the general reader, interested in mines, can have a better book for 
his companion and his guide." — Mining journal, 

** We are doing our readers a service in calling their attention to this valuaUe work." — Mining WorU, 

" A book that will not only be useful to the geologist, the practical miner, and the metallurgist ; but 
a*ao very interesdng to the general public.*'— /fv«. 

'* As a history of the present state of mining throughout the world this book has a real value, and it 
> upplies an actual want."— i4 thtnmtm. 

Earthy Minerals and Mining. 

A TREATISE ON EARTHY AND OTHER MINERALS, AND 
MINING. By D. C. Davies, F.G.S. Uniform with, and forming a Companion 
Volume to, the same Author's *' Metalliferous Minerals and Mining." With 76 
Wood Engravings. Second Edition. Crown 8vo, 12s. 6d. doth. 

" We do not remember to have met with any English work on mining matters that contains the same 
amount of information nadced in equally cou^rtnlentloaa.**'— Academy. 

*' We diould be inclined to rank it as among the very best of the handy technical and trades 
manuals which have recendy appesxed."— i9r«/t>A Quarierfy Review, 
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Mineral Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 
GUIDEf comprising a Treatise on Improved Mining Surveying and the Valuation 
of Mining Properties , with New Traverse Tables. By Wm, Lintkrn, Mining and 
Civil Engineer. Third Edition, with an Appendix on " Magnetic and A^nlar 
Surveying," with Records of the Peculiarities of Needle Disturbances. With Four 
Plates of Diagrams, Plans, &c i2mo, 4x. cloth. {Just published, 

** Hr. Lintera's book forms a valuable and thoroughly trustworthy guide.*'— /fwi and Coal Trade** 

Rtview. 

" This new edition must bt of tho highest value to coIUory nirreyors, proprietors and managers.' 

CoiHery Guardiam, 

Asbestos and its Uses. 

ASBESTOS: Its Properties, Occurrence and Uses. With, some 
Account of the Mines of Italy and Canada. By Robert H. Jones. With Eight 
Collotype Plates and other Illustrations. Crown 8vo, I2s, 6d, cloth. 

[Just published. 
*' An interesting an invaluable viotk.**— Colliery Guardian, 

'* We counsel our readers to get this exceedingly interesting work for themselves : they will 
find in it much that is saggestive, and a great deal that is of immediate and practical usefnlness."— 
Builder, •^ ^ 

*' A valuable addition to the architect's and engineer's lihnry."— Building News. 

Underground Pumping Machinery. 

MINE DRAIN A GE : Being a Complete and Practical Treatise on Direct- 
Acting Underground Steam Pumping Machinery, with a Description of a large 
number of the best known Engines, their General Utility and the Special Sphere of 
their Action, the Mode of their Application, and their merits compared witn other 
forms of Pumping Machinery. By Stephen MiCHELL. 8yo, 15J. doth. 
" Will be highly esteemed by colliery owners and lessees, mining engineers, and students generally 
who require to be acquainted with the best means of securing the drunage of mines. It is a most valu- 
able work, and stands almost alone in the literature of steam pumping machinery."— C^^/wr^ Guardian, 
" Much valuable information is given, so that the 'book is thoroughly worthy of an extensive circu' 
ation amongst practical men and purchasers of machinery."— Jlf/»i«tf' Journal, 

Mining Tools. 

A MANUAL OF MINING TOOLS, For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans, Lecturer on Practical Mining at 
the Bristol School of Mines. i2mo, 2j. 6d, cloth limp. 

ATLAS OF ENGRAVINGS to Illustrate the above, containing 23s 
Illustrations of Mining Tools, drawn to scale. 4to, 4^. 6d, cloth. 
" Students in the science of mining, and overmen, captains, managers, and viewers may gain 
practical knowledge and useful hints by the study of Mr. Morgans' manual?'— C^Z/tf^ Gunrdiam. 

"A valuable work, which will tend materially to improve our mining literature."— Jf/ffii^ youmal. 

Coal Mining, 

COAL AND COAL MINING: A Rudimentary Treatise on. By the 
late Sir Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector of the Mines 
of the Crown. Seventh Edition, Revised and Enlarged. With numerous Illus- 
trations, i2roo, 4r. doth boards. \Just published, 
" As an outline is given of every known coal-field in this and other countries, as well as of the | 
;, the book will doi * " ' 



methods of working, the book will doubtless interest a very large number of readers."— ^uwiiyp Journal, 

Subterraneous Surveying. 

SUBTERRANEOUS SURVEYING, Elementary and Practical Treatise 
on : with and without the Magnetic Needle. By Thomas Fen wick, Surveyor of 
Mines, and Thomas Baker, C.E. Illustrated. i2mo, 31. cloth boards. 

Qranite Quarrying. 

GRANITES AND OUR GRANITE INDUSTRIES. By George 
F. Harris, F.G.S., Membre de la Soci^te Beige de G^logie, Lecturer on 
Economic Geology at the Birkbeck Institution, &c With Illustrations. Crown 
8vo, 2s. 6d, cloth. 

•• A clearly and well-written manual for persons engaged or interested in the granite industry."— 
Scotsman, 

" An interesting work, which will be deservedly esteemed."— Co//i«ry Guardian, 
" An exceedingly interesting and valuable monograph on a subject which has hitherto received 
unaccountably bttle attention in the shape of systematic literary treatment."— S«rf/MA Leader, 
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Eleotrieal Engineering. 

THE ELECTRICAL ENGINEER'S POC/CETBOO/ir OF MODERN 
RULES, FORMULjE, TABLES AND DATA. By H. R. Kempe. M. Inst. 
E.E., A.M. Inst. C.E., Technical Officer Postal Telegraphs, Author of •* A Hand- 
book of Electrical Testing," &c With numerous Illustrations, royal 32010, 
oblong, 5J. leather. \Just published. 

'* There is yery little in the shape of formulae or data which the electrician is likely to want in 
a hurry which cannot be found in its pages."— Prac<tc«/ Enginter. 

** A Tery useful book of reference for daily use in practical electrical engineering and its various 
applications to t|ie industries of the present day."— /ron. 
•* It is the best book of its kind."^EUctrical Engineer. 

** Well arranged and compact. The Electrical Engineer's Pocket-Book is a good one."— 5lec- 
trician. 

" Strongly recommended to those engaged in the Tarious electrical industries."— BketrUal 
Review. 

Eleotrio Lighting. 

ELECTRIC LIGHT FITTING: A Handbook for Working Electrical 
Engineers, embodying Practical Notes on Installation Management. By John 
W. Urquhart, Electrician, Author of " Electric Light, " &c. With numerous 
Illustrations, crown 8vo, 5;. doth. \yust published, 

"This volume deals with what may be termed the mechanics of electric lighting, and is 
addressed to men who are already engaged in the work, or are training for it. The work traverses 
a great deal of ground, and may be read as a sequel to the same author's usefal work on * Electiic 
Light.' **—EleUrician. 

"This is an attempt to sUte in the simplest language the precautions which should be adopted 
in installing the electric light, and to give information for the guidance of those who have to run the 
plant when installed. The book is well worth the perusal of the workman, for whom it is written."— 
jUictticQl Review. 

** We have read this book with a good deal of pleasure. We believe that the book will be of 
use to practical workmen, who will not be alarmed by finding mathematical formuUe which they 
are unable to understand.'^'— £tec<n«a/ PUnt. 

"Eminently practical and useful Ought to be in the hands of everyone in charge of an 

electric light pLsnt."— E/MfrtM/ Bnginur. 

"Altogether Mr. Urquhart has succeeded in producing a really capital book, which we have no 
hesitation in recommending to the notice of working electricians and electrical engineers."— 
Mechameal World, 

Electric Light 

ELECTRIC LIGHT: Its Production a>idUse. Embodying Plain Directions 

for the Treatment of Dynamo-Electric Machines, Batteries, Accumulators, and 

Electric Lamps. By J. W. Urquhart, C.E., Author of "Electric Light Fitting," 

" ElectropUtmg," &c. Fourth Edition, carefully Revised, with Large Additions 

and 145 Illnstrations. Crown 8vo, *js. 6d. cloth. \Just published, 

" The book is by fiu* the best that we have yet met with on the subjecC-^AtAemetim. 

" It is tlie only work at present available, which gives in language intelligible for the most part to 

the ordinary reader, a general but concise history of the means which have been adopted up to the 

present time in producing the electric X\g\x\."—Mttro^Iitan. 

" The book contains a general account of the means adopted in producing the electric light^ not 
only as obtained from voltatc or salvanic batteries, but treats at length of the dynamo^ectric machine in 
several of its forms."— C^/Mr> Guardian. 

Construction of Dynamos. 

DYNAMO CONSTRUCTION: A Practical Handbook for the Use of 
Engineer Constructors and Electricians in Charge. With Examples of leading 
English, American and Continental Dynamos and Motors. By J. W. Urquhart, 
Author of •* Electric Light," " Electric Light Fitting," &c. Crown 8yo. {In thepress. 

Text'Booh of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By Henry 
M. NOAD, Ph.D., F.R.S., F.C.S. New Edition, carefullv Revised. With an 
Introduction and Additional Chajjters, by W. H. Preece, M. I.C.E., Vice-President 
of the Society of Telegraph Engineers, &c. With 470 Illustrations. Crown Svo, 
I2s. 6d. doth. 



'* The original plan of thb book has been carefully adhered to so as to make it a reflex of the existing 
tateofelectrical science, adapted for students. . . . Discovery seems to have progressed with marvellous 
.jrides ; nevertheless it has now apparently ceased, and practical ai>plications nave commenc^ their 
career ; and it is to give a faithful account of these that this fresh edition of Dr. Noad's valuable text- 



strides ; nevertheless it has now apparently 
career ; and it is to give a faithful account of 
book is launched fonh.*'-^£xtract /rem Introduction by W, H. Preece, Es^. 

** We can recommend Dr. Noad's book for clear style, great range of subject, a good index, and a 
plethora of woodcuts. Such collections as the present are mdtspensable."-~/f /ArMrafW. 

** An admirable text-book for every student— beginner or advanced— of electricity."— iS'^r^'iMrrMi^. 



26 CI^OSSY LOCKWOOD &• SON'S CATALOGUE. 

Electric Lighting. 

THE ELEMENT AR Y PRINCIPLES OF ELECTRIC-LIGHTING. 

By Alan A. Campbell Swinton, Associate LE.E. Second Edition, Enlarged 

and Revised. With Sixteen Illustrations. Crown Svo, is, 6d. cloth. 

"Anyone who desires a short and thoroughly dear exposition of the elementary principles of 
electric-lighting cannot do hetter than read this little iicitVy— 'Bradford Ohurver. 

Electricity. 

A MANUAL OF ELECTRICITY: including Galvanism, Mt^nettsm, 
Dia-Ma^netism^ Electro- Dynamics, Magno^EUctriciiv, and the Electric Telegraph, 
By Henry M. Noad, Ph.D., F.R.S., F.C.S. Fourth Edition. With 500 Woodcuts. 
8vo, ;f I 4x. cloth. 
*' It is worthy of a place in the library of every public institution."— J/n«r«i!f JoutiulI. 

Dynamo Construction. 

HOW TO MAKE A DYNAMO: A Practical Treatise for Amateurs. 
Containing nume rous Illustrations and Detailed Instructions for Constructing a 
Small Dynamo, to Produce the Electric Light. By Alfred Crofts. Third 
Edition, Revised and Enlarged. Crown 8vo, 2j. cloth. {Just published. 

" The instructions giyen in this unpretentious little book are sufficiently clear and explicit to 

enable any amateur mechanic possessed of average skill and the usual tools to be found in an 

amateur's workshop, to build a practical dynamo machine."— £^c«fmais. 

NA TURAL SCIENOB , etc. 
Pneumatics and Acoustics. 

PNEUMATICS: Including Acoustics and The Phenomena of Wind 

Currents, for the Use of Beginners. By Charles Tomlinson, F.R.S., F.C.S., 

&c. Fourth Edition Enlarged. With Numerous Illustrations. i2mo, ix. 6</. cloth. 

" Beginners in the study of this important ap|rficadon of science could not have a better manoaL" — 

Scotsman, 

** A valuable and suitable text-book for students of Acoustics and the Phenomena of Wind Cunents." 
Schoolmaster, 

Conciiology, 

A MANUAL OF THE MOLLUSCA : Being a Treatise on Recent and 
Fossil Shells, By S. P. Woodward, A.L.S., F.G.S., late Assistant Palaeontologist 
in the British Museum. With an Appendix on Recent and Fossil Conchologicat 
Discoveries by Ralph Tate, A.L.S., F.G.S. Illustrated by A. N. Waterhousb 
and Joseph Wilson Lowry. With 23 Plates and upwards of 300 Woodcuts. 
Reprint of Fourth Edition, 1880. Crown 8vo. *js. (>d. cloth 
" A most valuable stordiouse of conchol^gical and geological information."— kSWIm^r Gouip. 

Oeology. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL AND 
HISTORICAL. Consisting: of " Physical Geology," which sets forth the Leading 
Prindples of the Science ; and " Historical Geology," which treats of the Mineru 
and Organic Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate, A.L.S., F.G.S., 
&C. &c. With 250 Illustrations. i2mo, 5^. doth boards. 
*' The fulness of the matter has elevated the book into a manual Its information n exhaustive and 
well arranged."— .S'^Aa^/ Board Chronicle, 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION; or, Gcolo|ry and Genesis, 

their Perfect Harmony and Wonderful Concord. By George W. Victor le Vaux. 

Numerous Illustrations. Fcap. 8vo, 51. doth. 

" A valuable contribution to the eridences of Revelation, and dimoses very conchisiveljr of the argu- 
ments of those who would set God's Works against God's word. No real difficulty is shirked, andiio 
sophisdjv is left unexposed.'* — The Rock. 

"Tie remaricable peculiarity of this author is that he combines an unbounded adnutation of sdence 
with an unbounded admiration of the Written record. The two impulses are balanced to a nicety ; and 
the consequence is that difficulties which to minds less evenly poised would be seriovs find immediate 
solutions of the happiest kinds. "—Z.tf«i/«M Rtview. 

Astronomy. 

ASTRONOMY. By the late Rev. Robert Main, M.A., F.R.S., formerly 
Radcliffe Observer at Oxford. Third Edition, Revised and Corrected to the present 
Time, by William Thynne Lynn, B.A., F.R.A.S., formerly of the Royal 
Observatory, Greenwich. i2mo, zs, cloth limp. 
"A sound and simple treatise, very carefully edited, and a capital book toc\»mmen.**-~Km^mledg», 
" Accurately brought down to the requirements of the present time by Mx.LynMt.^—Sdncatiomal Timot. 
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DR. LARDNER'S COURSE OF NATURAL PHILOSOPHY. 

THE HANDBOOK OF MECHANICS, Enlarged and almost re- 
written by Benjamin Loewy, F.R.A.S. With 378 Illustrations. Post 8vo, 6j. 
cloth. 

"The perspicuity of the original has been retained, and chapters which had become obsolete have 
been replaced by others of more modem character. The explanations throughout are studiously popular, 
and care has been taken to show the application of the various branches of physics to the industrial arts, 
and to the practical business of life." — Mining JoMmaL 

" Mr. Loewy has carefully revised the book, and brought it up to modem requirements." — Natnrt. 

" Natural philosophy has had few exponents more able or better skilled in the art of popularising the 
subject than Dr. Lardner : and Mr. Loewy is doing good service in fitting this treatise, and the others 
of the series, for use at the present time." — Scotsman, 

THE HANDBOOK OF HYDROSTATICS AND PNEUMATICS, 
New Edition, Revised and Enlarged by Benjamin Loewy, F.R.A.S. With 236 
Illustrations. Post 8vo, 5^. cloth. 

" For those ' who desire to attain an accurate knowledge of physical science without the profound 
methods of mathematical investigation,' this work is not merely intended, but well adapted." — Chemical 
Nrms. 

'* The volume before us has been carefully edited, augmented to nearly twice the bulk of the former 
edition, and all the most recent nutter has been added. . . . It is a valuable tezt-bo(^" — tfahtre. 

'* Candidates for pass examinations will find it, we think, specially suited to their requirements."— 
English Mechanic, 

THE HANDBOOK OF HEAT, Edited and almost entirely re-writtcn 
by Benjamin Loewy, F.R.A.S., &c. 117 Illustrations. Post 8vo, 6s, cloth. 

"The style is always clear and precise, and conveys instruction without leaving any cloudiness or 
lurking doubts behind." — Engineering. 

" A most exhaustive book on the subject on Which it treats, and is so arranged that it can be under- 
stood by all who desire to attain an accurate knowledge of physical science. . . . Mr. Loewy has 
included all the latest discoveries in the varied laws and effects of \itaX,"'^iandard. 

"A complete and handy text-book for the use of students and general teaA!tn,**-~English Mecketmic. 

THE HANDBOOK OF OPTICS. By DiONVSius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University College, 
Ix)ndon. New Edition. Edited by T. Olver Harding, B. A. Lond., of Univenity 
College, London. With 298 Illustrations. Small 8vo, 448 pages, 5^. cloth. 

"Written by one of the ablest English scientific writers, beautifully and elaborately illustrated." 
'^Mechanu^s Magazine. 

» 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AND 
ACOUSTICS. By Dr. Lardner. Ninth Thousand. Edited by Geo. Carey 
Foster, B. A., F.C.S. With 400 Illustrations. Small 8vo, 5^. cloth. 

"The book could not have been entrusted to anyone better calculated to preserve the terse and 
hdd style of Lardner, while correcting his errors and bringing up his work to the present state of 
scientific \aaoim\ciAgit.**—'Pepular Science Review. 



THE HANDBOOK OF ASTRONOMY. Forming a Companion to 
the "Handbook of Natural Philosophv." By Dionysius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University College, 
London. Fourth Edition. Revised and Edited by Edwin Dunkin, F.R.A.S., 
Royal Observatory, Greenwich. With 38 Plates and upwards of 100 Woodcuts. 
In One Vol, small 8vo, 550 pages, 9J. 6J, cloth. 

" Probably no other book contains the same amotmt of information in so compendious and well- 
arranged a form— certainly none at the price at which this is offered to the public"— ^M^mwmv. 

" We can do no other than pronounce this work a most valuable manual of astronomy, and we 
strongly recommend it to all who wish to acquire a general — but at the same time correct— acquaintance 
with this sublime science." — Quarterly Jonmal of Science, 

" One of the most deservedly popular books on the subject . . . We would recommend not only 
thestudentoftheelementaryprwciples of the science, but him who aims at mastering the higher and 
mathematical branches of astronomy, not to be without this work beside him,**— 'Practical Magasine, 

Dn Lardner'8 Electric Telegraph. 

THE ELECTRIC TELEGRAPH By Dr. Lardner. Revised and 
Re-written by £. B. Bright, F.R.A.S. 140 Illustrations. Small 8vo, 2j. dd, doth. 
** One of the most readable books extant on the Electric Telegraph."— ^Mjf/uA Mechanic, 
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DR. LARDNER'S MUSEUM Ot SCIENCE AND ART. 

THE MUSEUM OF SCIENCE AND ART. Edited by DiONYSiUS 
Lardner, D.C.L., formerly Professor of Natural Philosophy and Astronomy in 
University College, London. With upwards of 1,200 Engravings on Wood. In 6 
double volumes, £i u., in a new and elegant cloth binding; or handsomely 
bound in half morocco, 311. 6d, 

•»• Opinions of the Press. 

" This series, besides affording popular but sound instruction on Kientific subjects, with which the 
humblest man in the country our lit to be acquainted, also undertakes that teaching of * Common Thian' 
which every well wisher of his kind is anxious to promote. Many thousand copies of this serviceable 
publication have been printed, in the belief and hope that the desire for instruction and improircmeBt 
widely prevails ; and we have no fear that such enlightened &ith will meet with disappointmenL**— 
Timet. 

" A cheap and interesting publication, alike informing and attractive. The papers combine subjects 
of importance and great scientific knowledge, considerable inductive powers, and a popular style td 
treatment"— wS>tff/a/^. 

" The ' Museum of Science and Art ' is the most valuable contribudon that has ever been made to 
the scientific instruction of every class of society."— Sir Davio Brbwstrr, in the N0rtk British 
Review. 

*' Whether we consider the liberality and beauty of the illustrations, the charm of the writing, or 
the durable interest of the matter, we must express our belief that there is hardly to be found among the 
new books one that would be welcomed by people of so many ages and classes as a valuable present.**— 
Mxaminer. 

*♦* Separate books formed from the above, suitable for WorkmetCs Libraries^ 
Science Classes, &*e. 

Common Things Explained. Containing Air, Earth, Fire, Water, Time, Man, 
the Eye, Locomotion, Colour, Clocks and W^atches, &c. 233 lUustrations, cloth 
gilt, 5^. 

The Microscope. Containing Optical Im^es, Magnifying Glasses, Origin and 
Description of the Microscope, Microscopic Objects, uie Solar Microscope, Micro- 
scopic Drawing and Engraving, &c 147 Illustrations, doth gilt, 2f. 

Popular Qeology. Containing Earthquakes and Volcanoes, the Crust of the 
Earth, &c. 201 Illustrations, cloth gilt, 2s, 6d, 

Popular Physics. Containing Magnitude and Minuteness, the Atmosphere, 
Meteoric Stones, Popular Fallacies, Weather Prognostics, the Thermometer, Uie 
Barometer, Sound, &c. 85 Illustrations, cloth gilt, 2s, 6d, 

Steam and its Uses. Including the Steam £ngine» the Locomotive, and Steam 
Navigation. 89 Illustrations, cloth gilt, 2s. 

Popular Astronomy. Containing How to observe the Heavens. The Earth, Sun, 
Moon, Planets. Light, Comets, Eclipses, Astronomical Influences, &c. 182 Illus- 
trations, 41. 6tl. 

The Bee and White Ants : Their Manners and Habits. With Illustrations of 
Animal Instinct and Intelligence. 135 Illustrations, doth gilt, 2x. 

The Electric Telegraph Popularized. To render intelligible to all who can 
Read, irrespective of any previous Scientific Acquirements, the various forms of 
Tdegraphy in Actual Operation. 100 Illustrations, cloth gilt, ix. 6<t. 



Dr. Lardner'8 School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardnsil 

328 Illustrations. Sixth Edition. One Vol, 3/. 6d. doth. 
** A very convenient dass-book for junior students in private schools. It is intended to convey, in 
clear and precise tenns, general notions of all the principal divisions of Physical Scienca.**— ^W/t'M 
Qitarterly Review, 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. LARDNER. With 
190 Illustrations. Second Edition. One Vol., 31. 6(L cloth. 
" deariy written, well arranged, and excellently illustrated."— {;<in&iMf'/ Ckrvmek. 
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COUNTINa-HOUSK WORK, TABLES, CALCULATORS, etc. 
Accounts far Manufacturers, 

FACTORY A CCOUNTS : Their Principles and Practice. A Hand-book 
for Accountants and Manufacturers, with Appendices on the Nomenclature of Machine 
Details ; the Income Tax Acts ; the Rating of Factories ; Fire and Boiler Insurance ; 
the Factory and Workshop Acts, &c., including also a Glossary of Terms and a large 
number of Specimen Rulings. By Emile Garcke and J. M. Fells. Third 
Edition. Demy Svo, 250 Pages. Price ts. strongly bound. 
"A very interestiiig description of the requirements of Factory AccoonU. . . . The principle of 

aasimilating the Factory Accounts Co the general commercial books is one which we thoroughly agree 

wtth."~i4^^MMteiiiy Journal, 

" Characterised by extreme thoroughness. There are few owners of factories who would not 

dcrire great benefit from the perusal of this most admirable work..'*— Loco/ Gwimmtnt CMromcU, 

Foreign Commercial Correspondence. 

THE FOREIGN COMMERCIAL CORRESPONDENT: Being Aids 
to Commercial Correspondence in Five Languages, English, French, German, 
Italian, and Spanish. By Conrad E. Baker. Second Edition, Revised. Crown 
8vo, 3J. 6d, cloth. 

" Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do better 
than study this work, the materials of which are excellent and conveniently arranged. They 



consist not of entire specimen letters, but— what are far more useful— short passages, sentences, or 
" ^asee expressing the same general idea in various ioTTaA,**—AthetuBiim, 
** A camul examination has convinced us that it is unusually complete, well arranged and 



phrase* expressing the same general idea in various ioTm&,**—AthetuBum, 

** A camul examination has convinced us that it is ui 
reliable. The book is a thoroughly good one."— ScAoo/moA^r. 

Intuitive Calculations. 

THE COMPENDIOUS CALCULATOR ; or, Easy and Concise Methods 
of Performing the various Arithmetical Operarions required in Commercial and 
Business Transactions, together with Useful Tables. By Daniel O'Gorman. 
Corrected and extended by J. R. Young, formerly Professor of Mathematics at 
Belfast College. Twenty-seventh Edition, carefully Revised by C. NORRIS. Fcap. 
8vo, 2s, 6d. doth limp ; or, 3/. 6d, strongly half bound in leather. 
"It would be difficult to exaggerate the usefulness of a book like this to everyone engaged in com- 
merce or manufacturing industry. It is crammed full of rules and formulae for shortening and employing 
calculations."— jr«MviM//r. 

"Supplies special and rapid methods for all kinds of calculations. Of great utility to persons 
engaged m any kmd of commercial transactions."— ^c^0/^ina«. 

Modem Metrical Units and Systems. 

MODERN METROLOGY: A Manual of the Metrical Units and 
Systems of the present Century. With an Appendix containing a proposed English 
System. By Lowis D*A. Jackson, A.M. Inst. C.E., Author of'' Aid to Survey 
Practice," &c Laige crown 8vo, izr. 6</. cloth. 
'* The author has branght together much valuable and interesting information. . . • We cannot 

hot recommend the work to the consideration of all interested in the practical reform of our weights and 

measures.** — Nature. 

** For exhanstive tables of equivalent weights and measures of all sorts, and for dear demonstratioas 

of the effects of the Tarious systems that have been proposed or adopted, Mr. Jackson's treatise is 

without a rivaL" — Acmdemy. 

The Metric System and tfie British Standards. 

A SERIES OF METRIC TABLES, in which the British Standard 
Measures and Weights are compared with those of the Metric System at present in 
Use on the Continent. Bv C. H. Dowling, C.E. 8vo, lox. 6d. strongly bound. 

"Their accuracy has been certified by Professor Airy, the Astronomer-RoyaL"— jffacr/i^. 

" Mr. Bowling's TaUes are well put together as a ready reckoner for the conversion of one system 
Into the fAhtx.**—Atkenmum. 

Iron and Metal Trades' Calculator. 

THE IRON AND METAL TRADES' COMPANION: For ex- 

peditiously ascertaining the Value of any Goods bought or sold by Weight, from i/. 

percwt. to II 2J. percwt., and from one farthing per pound to one shilling per pound. 

Each Table extends from one pound to lOO tons ; to which are appended Rules on 

Decimals, Square and Cube Root, Mensuration of Superficies and Solids, &a ; 

also Tables of Weights of Materials, and other Useful Memoranda. By Thomas 

Down IB. Strongly bound in leather, 396 pp., 9/. 
*' A most useful set of ubles, and will supply a want, for nothing like them before existed."— ^ffi£/f>i^ 
AT^rtiw. 

" Although specially adapted to the ux>n and metal trades, the tables will be found useful in every 
other business in which merchandise is bought and sold by weiaJU.'*— J?4if/iMr> Newu 
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Calculator for Numbers and Weights Combined. 

THE NUMBER, WEIGHT AND FRACTIONAL CALCULATOR. 
Containing upwards of 250,000 Separate Calculations, showing at a glance the value 
at 422 different rates, ranging from i4sth of a Penny to 20s. each, or per cwt., and 
;f 20 per ton, of any number of artidcs consecutively, from i to 470. — Any number 
of cwts., qrs., and lbs., from I cwt. to 470 cwts. — Any number of tons, cwts., qrs. 
and lbs., from I to 1,000 tons. By William Chadwick, Public Accountant. 
Third Edition, Revised and Improved. Svo, price i&r., strongly bound for OfiBce 
wear and tear. \Just published. 

*,* This work is specially adapted for the Apportionment of Mileage Charges for 

Railway Traffic, . 

IS" This comprehensive and entirely unique and original Calculator is adapted for 

the use of Accountants and Auditors, Railway Companies, Canal Companies^ Shippers^ 

Shipping Agents, General Carriers^ dr'c, 

Ironfounders, Brass founders^ Metal Merchants, Iron Manufacturers, Ironmongers, 

Engineers, Machinists, Boiler Makers, Millwrights, Roofing, Bridge and Girder Makers, 

Colliery Proprietors, A^c, 

Timber Merchants, Buililers, Contractors, Architects, Surveyors, Auctioneers, 

Valuers, Brokers, Mill Owners and Manufacturers, Mill Furnishers, Merchants, and 

General Wholesale Tradesmen. 

*,* Opinions of the Press. 

" The book cootains the answers to questions, and not simply a set of ingenious puzzle methods of 
airtving at results. It is as easy of reference for any answer or any number of answers as a dictionary, 
and the references are even more quickly made. For making up accounts or estimates the book mnst 
prove invaluable to all who have any considerable quantity of calculations involving price and measure 
in any combination to do." — Engineer, 

** The most complete and pracdcal ready reckoner which it has been our fortune yet to see. It is 
difficult to imagine a trade or occupation in which it could not be of the greatest use, eidier in saving 
human labour or in checking work. The publishers have placed within the reach of every commerdal 
man an invaluable and unfailing assistant'' — The Miller, 

'* The most perfect woik of the kind yet prepared.'*— C^/zHf^iv Herald, 

Compretiensive Weigtit Calculaton 

THE WEIGHT CALCULATOR; Being a Series of Tables upon a 
New and Comprehensive Plan, exhibiting at one Reference the exact Value of any 
Weight from I lb. to 15 tons, at 300 Progressive Rates, from id, to 16S/. per cwt, 
and containing 186,000 Direct Answers, which, with their Combinations, consisting 
of a single addition (mostly to be performed at sight), will afford an aggregate of 
10,266,000 Answers ; the whole being calculated and designed to ensure correct- 
ness and promote despatch. By Henry Harbkn, Accountant. Fourth £dition, 
carefully corrected. Royal 8vo, strongly half- bound, ;^i 5^. 
" A practical and useful work of reference for men of business generally ; it is the best of the kind we 

have seen."— /nMMWMijvr. 

" Of priceless value to business men. It is a necessary book in all mercantile o(&cts."—SAr^rld 

Independent, 

Compreiiensiue Discount Guide. 

THE DISCOUNT GUIDE, Comprising several Series of Tables for 
the use of Merchants, Manufacturers, Ironmongers, and others, by which may be 
ascertained the exact Profit arising from any mode of using Discounts, either in the 
Purchase or Sale of Goods, and the method of either Altering a Rate of Discount, 
or Advancing a Price, so as to produce, by one operation, a sum that will realise any 
required profit after allowing one or more Discounts : to which are added Tables of 
Profit or Advance from i J to 90 per cent. Tables of Discount from ij to 98} per 
cent., and Tables of Commission, &c., from J to 10 per cent. By Henry Harben, 
Accountant, Author of ** The Weight Calculator." New Edition, carefully Revised 
and Corrected. Demy 8vo, 544 pp., half-bound, £1 ^s. 

** A book such as this can only be appreciated by business men, to whom the saving of time means 
saving of money. We have the high authority of Professor J. R. Young that the ubles throughout the 
work are constructed upon strictly accurate principles. The work is a model of typographical clearness, 
and most prove of great value to merchants, manufacturers, and general traders."— ^rZ/aA TmJe 
ypMrnaL 

Iron Siitpbuilders' and Merciiants' Weight Tabies. 

IRON'PLATE WEIGHT TABLES: For Iron Shipbuilders, Engi^ 
neers, ami Iron Merchants, Containing the Calculated Weights of upwards of 
150,000 different sizes of Iron Plates from i foot by 6 in. by \ in. to 10 feet by 5 
feet by I in. Worked out on the basis of 40 lbs. to the square foot of Iron of i 
inch in thickness. Carefully compiled, and thoroughly Revised by H. Burlinson 
and W. H. Simpson. Oblong 4to, 25X. half-bound. 
"This work will be found of great utility. The authors have had much practical experience of 

wt at is wanting in making estimates, and the use of the book will save much time in making cUbocate 

calcuubons."— £ff(7fjrA Mechame, 
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INDUSTRIAL AND USEFUL ARTS. 



Soap^mahing. 

THE ART OF SOAP-MAKING : A Practical Handbook of the 
Manufacture of Hard and Soft Soaps, Toilet Soaps, dr*^. Including many New 
Processes, and a Chapter on the Recovery of Glycerine from Waste Leys. By 
Alexander Watt, Author of *« Electro-Metallurgy Practically Treated," &c. 
With numerous Illustrations. Fourth Edition, Revised and Enlarged^, Crown 8vo 
7 J. 6d, cloth. \Just published. 

*' The work will prove very usefuL not merely to the techaological student, but to ibe D(acdcal soap- 
boiler who wishes to understand the theory of his •xx.^* —Chemical News, 

"Really an exoellent example of a te<^ical manual, enterinf as it does, thoroughly and exhausdvely, 
both into the theory and praaice of soap manufacture. The book is well and honestly done, and de- 
serves the considerable circulation with which it will doubtless tMitt,**'-KnawUdge, 

** Mr. Watt's book is a thoroughly practical treatise on an art which has almost no literature in our 
language. We congratulate the author on the success of his endeavour to fill a void in English technical 
literature."— Ar«/«r/. 

Paper Making. 

THE ART OF PAPER MAKING: A Practical Handbook oj the 
Manufacture of Paper from Rags, Esparto, Straw and other Fibrous MaUrials^ 
Including the Manufacture of Pulp from Wood Fibre, with a Description of the 
Machinery and Appliances used. To which are added Details of Processes for 
Recovering Soda from Waste Liquors. By Alexander Watt, Author of "The 
Art of Soap-Making,*' "The Art of Leather Manufacture," &c. With Illustra- 
tions. Crown 8vo, Js. 6d. cloth. [j^ust published. 
'* This book is succinct, lucid, thoroughly practical, and includes everything of interest to the 
modem paper-maker. The book, besides being all the student of paper-msking will require in his 
apprenticeship, will be fonnd of interest to the paper-maker himself. It is the latest, most jpracdcal 
and most complete work on the paper-makins art before the British public.'*— Pa^^ Record, 

** It may be regarded as the standard work on the subject. The book is full ot valuable informa- 
tion. The ' Art ofPaper-making/ is in every respect a model of a text-book, either for a technical 
class, or for the private student.^'— Pii^r and Printing Trades Journal. 

" Admirably adapted for general as well as ordinary technical reference, and as a handbook for 
students in technical education may be warmly commended."— r/i« Paper Maker's Monthly JoumaU 

Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE: Being a Practical 
Handbook, in which the Operations of Tanning, Currying, and Leather Dressing 
are fully Described, and the Principles of Tanning Explained, and many Recent 
Processes Introduced ; as also Methods for the Estimation of Tannin, and a 
Description of the Arts of Glue Boilii^, Gut Dressing, &c. By Alexander 
Watt, Author of '* Soap-Making," <* Electro- Metallurgy," &c With numerous 
Illustrations. Second Edition. Crown 8vo, 9r. cloth. 
" A soun<L comprehenuve treatis^ on tanning and its accessories. The book is an eminendy valuable 
production, which redounds to the credit of both author and publishers." — Chemical Revitw, 

** This volume is technical wiUiout being tedious, compreheosive and complete without being prosy, 
and it bears on every page the impress of a master hand. We have never come across a better trade 
treatise, nor one that so thoroughly supplied an absolute wwal,"~^hee and Leather Trades' Chronicle, 

Boot and Shoe Making. 

THE ART OF BOOT AND SHOE-MAKING: A Practical Hand- 
book, including Measurement, Last-Fitting, Cutting-Out, Closing and Making, 
with a Description of the most approved Machinery Employed. Bv John B. 
Leno, late Editor bf St, Criapin^ and The Boot and Shoe-Maker. With numerous 
Illustrations. Third Edition. i2mo, zs, cloth limp. 
"This excellent treatise is by iar the best work ever written on the subject. A new work embracing 
all modem improvements was much wanted. This want is now satisfied. The chapter on clicking, 
which shows how waste may be prevented, will save fifty times the price of the book.**— ^yf ^//uA Leather 

Dentistry. ^~*^- 

MECHANICAL DENTISTRY: A Practical Treatise on the Construc- 
tion of the various kinds of Artificial Dentures, Comprbing also Useful Formulsp, 
Tables, and Receipts for Gold Plate, Clasps, Solders, &c. &c. By Charles 
Hunter. Third Edition, Revised. With upwards of 100 Wood Engravings. 
Crown 8vo, 3.r. 6d, cloth. 

" The work is very practical " — Monthly Revirw 0/ Dental Surgery, 

** We can strongly recommend Mr. Hunter's treatise to all students preparing for the profession 
of dentistry, as well as to every mechanical denukt." — Dublin Journal of Medical Science, 

Wood Engrauing. 

WOOD ENGRAVING: A Practical and Easy Introduction to the 
Study of the Art, By Wiluam Norman Brown. Second Edition. With 
numerous Illustrations. i2mo, is, 6d, cloth limp. 

"The book is clear and complete, and will be useful to anyone wanting to undenUnd the first 
elements of the beautiful art of woml tnt(miog,"^Gniphse, 
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HANDYB00K8 FOR HANDICRAFTS. By PAUL N. HASLUCK. 
Metal Turning. 

THE METAL TURNER'S HANDYBOOK. A Practical Manual for 
Workers at the Foot-Lathe : Embracing information on the Tools, Appliances and 
Processes employed in Metal Turning. By Paul N. Hasluck, Author of " Lathe- 
Work." With upwards of One Hundred Illustrations. Second Edition, Revised. 
Crown 8vo, 2s, cloth. 
"Clearly and concisely written, excellent in erery myJ'^-^MeckaHical World, 

Wood Turning. 

THE WOOD TURNER'S HANDYBOOK. A Practical Manual for 
Workers at the Lathe : Embracing Information on the Tools, Appliances and 
Processes Employed in Wood Turning. By Paul N. Hasluck. With upwards 
of One Hundred Illustrations. Crown 8vo, zs, cloth. 
" We recommend the book to youn^ turners and amateurs. A multitude of workmen hare hitherto 
sought in vain for a manual of this si>ecul industry." — Mtchanical World. 

WOOD AND METAL TURNING. By P. N. Hasluck (being the 
Two preceding Vols, bound together). 300 pp., with upwards of 200 Illustrations, 
crown 8vo, 3J. 6d, cloth. 

Watch Repairing. 

THE WATCH JOBBER'S HANDYBOOK, A Practical Manual 

on Cleaning, Repairing and Adjusting. Embracing Information on the Tools, 

Materials, Appliances and Processes Employed in Watchwork. By Paul N. 

Hasluck. With upwards of One Hundred Illustrations. Crown Svo, 2x. cloth. 

" All young persons connected with the trade should acquire and study this excellent, and at the 

same time, inexpensive work."— C^ririrw^// Chronicle, 

Clock Repairing. 

THE CLOCK- JOBBER'S HANDYBOOK: A Practical Manual on 
Cleaning, Repairing and Adjusting, Embracing Information on the Tools, 
Materials, Appliances and Processes Employed in Clockwork. By Paul N. 
Hasluck. With upwards of 100 Illustrations. Cr. Svo, 21. cloth. 
" Of inestimable service to those commencing the trade.*'— Cop«ii/ry Standard, 

WATCH AND CLOCK JOBBING, By P. N. Hasluck (being the 
Two preceding Vols, bound together). 320 pp., with upwards of 200 Illustrations, 
crown Svo. 3;. 6</. doth. 

Pattern Making. 

THE PATTERN MAKER'S HANDYBOOK. A Practical Manual, 
embracing Information on the Tools, Materials and Appliances employed in Con- 
structing Patterns for Founders. By Paul N. Hasluck. With One Hundred 
Illustrations. Crown Svo, 2x. cloth. 
" This handy volume contains sound information of considerate value to students and artificen."— 

Hardware Trade youmxl. 

Mechanical Manipulation. 

THE MECHANIC'S WORKSHOP HANDYBOOK, A Practical 
Manual on Mechanical Manipulation. Embracing Information on various Handicraft 
Processes, with Useful Notes and Miscellaneous Memoranda. By Paul N. 
Hasluck. Crown Svo, 2s, cloth. 
'* It is a book which should be found in every workshop, as it is one whtch^ill be continually 

referred to for a very great amount of standard information." — Saturday Review, 

Model Engineering. 

THE MODEL ENGINEER'S HANDYBOOK: A Practical Manual 
on Model Steam Engines. Embracing Information on the Tools, Materials and 
Processes Employed in their Construction. By Paul N. Hasluck. With upwards 
of 100 Illustrations. Crown Svo, 2s, cloth. 

*' By carefully going through the work, amateurs may pick np an excellent notion of the con- 
stnicti .n of full-sized steam engines.*'— Tr/r^ra^Atc Journal, 

Cabinet Making. 

THE CABINET WORKER'S HANDYBOOK: A Practical Manual 
embracing Information on the Tools, Materials, Appliances and Processes em- 
ployed in Cabinet Work. By Paul N. Hasluck, Author of " Lathe Work," 
&C. With upwards of 100 Illustrations. Crown Svo, 2J. cloth. \jMSt published. 
Thoroughly practical throughout. The amataur worker in wood wil find it most useful."— 

Glasgow Herald 
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Eleotrolysis of Oold, Silver, Copper, &o, 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis of 
Gold, Silver, Copper, Nickel, and other Metals and Alloys. With descriptions of 
Voltaic Batteries, Magneto and Dynamo-Electric Machines, Thermopiles, and of 
the Materials and Processes used in every Department of the Art, and several 
Chapters on Electro-Metallurgy. By Alexander Watt, Author of 
'* Electro-Metallurgy," &c. With numerous Illustrations. Third Edition, Revised 
and Corrected. Crown 8vo, 9J., cloth. 
" Eoiinently a book for the practical worker in electro-deposition. It contains practical descriptions 
of methods, processes and materials, as actually pursued and used in the workshop.*' — Engituer, 

Electro-Metallurgy. 

ELECTRO-METALLURGY ; Practically Treated. By Alexander 
Watt, Author of ** Electro-Deposition," &c. Ninth Edition, Enlarged and 
Revised, with Additional Illustrations, and including the most recent Processes. 
i2mo, 4x. cloth boards. 
" From thu book both amateur and artisan may learn everything necessary for the successful pro* 
secution of electroplating;." — Irvn, 

Electroplating. 

ELECTROPLATING: A Practical Handbook on the Deposition ol 
Copper, Silver, Nickel, Gold, Aluminium, Brass, Platinum, &c. &c. ; with 
Descriptions of the Chemicals, Materials, Batteries and Dynamo Machines used in 
the Art. By J, W. Urquhart, C.E., Author of ** Electric Light," &c. Second 
Edition, Revised, with Additions. Numerous Illustrations. Crown 8vo, 51. cloth. 

" An excellent practical manual.'*— £n^mMnn;. 

"An excellent work, giving the newest information.**— /foroto^^o/ Journal. 

Electrotyplng. 

ELECTRO! YPING : The Reproduction and Multiplication of Printing 
Surfaces and fVarks of Art by the Eltctro-depoHtion of Metals. By J. W. U rquhart, 
C.E. Crown 8vo, 5x. cloth. 
"The book is thoroughly practical ; the reader is, therefore, conducted through the leading laws of 

electricity, then through the metals used by electrotypers, the apparatus, and the depositing processes, up 

to the final preparation of the work."- Art youmaL 

Qoldsmiths' Work. 

THE GOLDSMITH'S HANDBOOK. By George E. Gee, JeweUer, 
&c. Third Edition, considerably enlarged. i2mo, 3^. 6d. cloth boards. 
"A good, sound educator, and will be generally accepted as an authority." — Horological youmal, 

Siloersmiths' Work. 

THE SIL VERS MIT WS HANDBOOK. By George E. Gee. Jeweller, 
&c. Second Edition, Revised, with numerous Illusts. i2mo, 3;. dd. cloth boards. 
" The chief merit of the work is its practical character. . . The workers in the trade will speedily 
discover its merits when they sit down to study \xJ'*—EMgU*h Mtckanic. 

*,* The ahffve two works together, strongly half-bound, price ys. 

Bread and Biscuit Baking. 

THE BREAD AND BISCUIT BAKER'S AND SUGAR-BOILER'S 
ASSISTANT. Including a large variety of Modem Recipes. With Remarks on 
the Art of Bread-making. By Robert Wells, Practical Baker. Second Edition, 
with Additional Recipes. Crown 8vo, 2J. cloth. \3ust published, 

" A large number of wrinkles for the ordinary cook, as well as the baker."— Sa<»r<iay Review. 

Confectionery. 

^ THE PASTRYCOOK AND CONFECTIONER'S GUIDE. For 

Hotels, Restaurants, and the Trade in general, adapted also for Family Use. 

By Robert Wblls, Author of ** The Bread and Biscuit Baker's and Sugar Boiler's 

Assbtant." Crown 8 vo, 2j. cloth. \Just published. 

" We cannot speak too highly of this reall^r excellent work. In these days of keen competition 
our readers cannot do better than purchase this book."— BoAct^s Times. 

Ornamental Confectionery. 

ORNAMENTAL CONtECTIONERY : A Guide for Bakers. Con- 
fectioners and Pastrycooks ; including a Variety of Modern Recipes, and Remarks 
on Decorative and Coloured Work. With 129 Original Designs. By Robkrt 
Wells, Practical Baker, Author of ''The Bread and Biscuit Baker's and 
Sugar- Boiler's Assistant," &c. Crown 8vo, cloth gilt, 5j. {Just published. 

*' A valuable work, practical, and should be in the bands of every baker and confectioner. The 
illostrative deaigne are alone worth treble the amount charged for the whole work."— S«ft«r'« Times 

C 
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Laundry Work, 

LAUNDRY MANAGEMENT. A Handbook for Use in Private and 
Public LAundries. Including Descriptive Accounts of Modem Machinery and 
Appliances for Laundry Work. By the Editor of " The Laundry Journal." With 
numerous Illustrations. Crown 8vo, 2s, 6d. cloth. 

"This book should certainly occupy an hononred place on the shelves of aU housekeepers who 
wish to keep themselToa «« courant of the newest appliances and methods."— r*« QtUM, 

Horology. 

A TREATISE ON MODERN HOROLOGY, in Theory and Practice. 
Translated from the French of Claudius Saunier, ex-Director of the School of 
Horology at Macon, by Julien Tripplin, F.R.A.S., Besancon Watch Manu- 
facturer, and Edward Rigg, M.A., Assayer in the Royal Mint With Seventy- 
Eight Woodcuts and Twenty-Two Coloured Copper Plates. Second Edition. 
Super-royal 8vo, £2 2s. cloth, £2 10s. half-calf. 

'* There is no horological work in the English language at all to be compared to this productioa of 
M. Saunier's for clearness and completeness. It is alike good as a guide for the student and as a 
reference for the experienced horologist and skilled workman.^ — Horological Jourmd. 

"The latest, the most complete^ and the most reliable of those literary productions to which con* 
tinental watchmakers are indebted (or the mechanical superiority over their English brethren — in fiict, 
the Book of Books, is M. Saunier's ' Treatise.' "^Watchmaker, yeweller^ arndSUoertmiik. 

Watohmahing. 

THE WATCHMAKER'S HANDBOOK. Intended as a Workshop 
Companion for those engaged in Watchmaking and the Allied Mechanical Arts. 
Translated from the French of Claudius Saunier, and considerably enlarged by 
Julien Tripplin, F.R.A.S., Vice-President of the Horological Institute, and 
Edward Rigg, M.A., Assayer in the Royal Mint. With Numerous Woodcuts 
and Fourteen Copper Plates. Second Edition, Revised. With Appendix. Crown 
8vo, 9j. cloth. 
" Each i^art is truly a treatise in itself. The arrangement is good and the language is clear and 
concise. It is an admirable guide for the young watchmaker."— ^ii!^*M«m«^. 

*' It is impossible to speak too highly of its excellence. It fulfils every reouirement in a handbook 
intended for the use of a workman. Should be found in every workshop. —frai^A amd Clockmaktr, 

** This book contains an immense number of practical details bearing on the daily occupation of a 
wutxihrnaker^—IVatcMMakorand Metalworker (Chicago). 



CHEMICAL MANUFACTURES AND COMMERCE. 
The Alkali Trade, Manufacture of Sulphuric Acid, Ac. 

A MANUAL OF THE ALKALI TRADE, including the Manufacture 
of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. By John Lomas, 
Alkali Manufacturer, Newcastle-upon-Tyne and London. With 232 Illustrations 
and Working Drawings, and containing 390 pages of Text. Second Edition, 
with Additions. Super-royal 8vo, £i los. doth. 

" This book is written by a manufacturer for manufacturers. The woiking details of the most ap- 
proved forms of apparatus are given, and these are accompanied by no less than 33a wood en^viogs, all 
of which may be used for the purposes of construction. Every step in the manu&cture is very fully 
described in this manual, and each miprovement explained." — AtkeHonm. 

" We find not merely a sound and luminous explanation of the chemical principles of the trade, but a 
notice of numerous matters which have a most important bearing on the successful conduct of alkali works 
but which are generally overlooked by even experienced technological authors."— CA/imVa/ Reviem. 

The Blowpipe. 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY, AND 
GEOLOGY, Containing all known Methods of Anhydrous Analysis, many Work- 
ing Examples, and Instructions for Making Apparatus. By Lieut -Colonel W. A. 
Ross, R.A., F.G.S. With 120 Illustrations. Second Edition, Revised and En- 
larged. Crown 8vo, 5j. cloth. 
'""' - - • ..... . . . .... k here laid down will 



gain a better insight into inorganic chemistry and mineralogy than it he had ' got up ' any of the best 
text-books of the day, and pasMd any numbor of examinations in their contents.**— CJbtjwam/JVWm. 

Commercial Chemical Anaiysis. 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANALYSIS. 
or. Practical Instructions for the determination of the Intrinsic or Commercial Value 



trations. Crown 8vo, \2s, dd. doth. 

" We strongly recommend this book to our readers as a guide, alike indispensable to the housewife 
as to the pharmaceutical practitioner."— Af«dSi^a/ Times, 

"Essential to the analystt appointed under the new Act The most recent results are given, and the 
work IS weU edited and carefully written."— Mf/»fv. 
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BrBWing. 

A HANDBOOK FOR YOUNG BREWERS, By Herbert Edwards 
Wright, B. A. An entirely New Edition, much Enlarged. \In the press. 

Analysis and Valuation of Fueis. 

FUELS: SOLID, LIQUID AND GASEOUS, Their Analysis and 
yd/uoHon. For the Use of Chemists and Engineers. By H. T. Phillips, F.C.S., 
Analjrtical and Consulting Chemist to the Great Eastern Railway. Crown 8vo, 
3J. 6^. doth. [Jim/ published. 

** Ought to have its place in the laboratory of every metallurgical establishment, and wherever 
fuel is used on a large ^CA\e,"— Chemical Netes. 

" Mr. Phillips' new book cannot fail to be of wide interest, especially at the present time."— 
Railway News, 

Dye- Wares and Colours. 

THE MANUAL OF COLOURS AND DYE-WARES : Their Pro- 
perties, Appiications, Valuation, Impurities, and Sophistications, For the use of 
Dyers, Printers, Drysalters, Brokers, &c By J. W. Slater. Second Edition, 
Revised and greatly Enlarged, crown 8vo, *js, id, cloth. 
" A complete encydopaedia of the materia Hncioria, The information given respecting each article 
is fiill and precise* and the methods of determining the value of articles such as these, so liaole to sophis- 
tication, are given with clearness, and are pracdcalas well SLsy9lxuL\Ac.**-^kemut attd Drt$gzist, 

"There is no other work which covers precisely the same ground. To students preparing for 
examinations in dyeing and printing it will prove exceedingly useful."— CA^m/Vo/ Nev/s, 

Pigments. 

THE ARTISTS* MANUAL OF PIGMENTS. Showing their Com- 
position, Conditions of Permanency, Non- Permanency, and Adulterations ; Effects 
in Combination with Each Other and with Vehicles ; and the most Reliable Tests 
of Purity. Together with the Science and Arts Department's Examination Ques- 
tions on Painting. By H. C. Standage. Second Edition, crown 8vo, 2s. 6d, cloth. 
" This work is indeed muitum-iti^parvo, and we can, with good conscience, recommend it to all who 
come in contact with pigments, whether as makers, dealers, or \xsen,**—CA*micat Review, 

Gauging. Tables and Rules for Revenue Officers, Brewers, Ac. 

A POCKET BOOK OF MENSURATION AND GAUGING: Containing 

Tables, Rules and Memoranda for Revenue Officers, Brewers, Spirit Merchants, &c. 

By T. B. Mant (Inland Revenue). Second Edition, Revised. Oblong i8mo, 4J. 

leatner, with elastic band. \Just published. 

" This handy and useful book is adapted to the reauirements of the Inland Revenue Department, 

and will be a favourite book of reference. The rang<^ of subjects is comprehensive, and the arrangement 

simple and clear."— C/w7i<m». " Should be in the hands of every pracdcal brtwer. **Smuert* yeumal. 
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Youatt and Burn's Complete Crazier. 

J \THE COMPLETE GRAZIER, AND FARMER'S AND CATTLE- 
BREEDER'S ASSISTANT, A Compendium of Husbandry ; especially in the 
departments connected with the Breeding, Rearing, Feeding, and General Manage- 
ment of Stock ; the Management of the Dairy, &c. With Directions for the Culture 
and Management of Grass Land, of Grain and Root Crops, the Arrangement of 
Farm Offices, the use of Implements and Machines, and on Draining, Irrigation, 
Warping, &c.; and the Application and Relative Value of Manures. By William 
Youatt, Esq., V.S., and Robert Scott Burn. A New Edition, partly Re- 
Writtten and greatly Enlarged by W. Fream, B.Sc. Lond., LL.D. One large 8vo 
Volume, nearly 1,000 pages. U^ preparation. 

Agricultural Facts and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS AND FARM STUDENTS. By Primrose McConnell, 
Fellow of the HighUnd and Agricultural Society ; late Professor of Agriculture, 
Glasgow Veterinary College. Third Edition. Royal 32mo, full roan, gilt edges, 
with elastic band, ^, 
" The most complete and comprehensive Note-book for Farmen and Farm StndOTts that we have 

seen. It litcfally teems with information and we can cordially recommend it to all connected with 

agriculture."— iViv/A British AgricnltHrist, 



CHOSBY LOCKWOOD &» SON'S CATALOGUE. 



Flour Manufacture, Milling, eto. 

FLOUR MANUFACTURE : A Treatise on Milling Science and Prac- 
tice. By Friedrich Kick, Imperial R^erungsrath, Professor of Mechanicil 
Technology in the Imperial German Polytechnic Institute, Prague. Translated 
from the Second Enlarged and Revised Exlition with Supplement. By H. H. P. 
PowLES, Assoc Memb. Institution of Civil Engineers. Nearly 400 pp. Illustrated 
with 28 Folding Plates, and 167 Woodcuts. Roy. 8vo, 2y. cloth. 
" This valuable work is, and will remain, the standard authority on the idence of milling. . . ; 

The miller who has read and digested this work will have laid the foundation, so to speak, of a successful 



career ; he will have acquired a number of general principles which he can proceed to apply. In this 
handsome volume we at last have the accepted text-booic of modem milling in good, sound English, 
which has litde, if any, trace of the German idiom.*'— TA^ Miller, 

" The appearance of this celebrated woric in English is very opporiunei and British millers will, we 
are sure, not be slow in availing themselves of its pages.*'— AfiV/rrr' GeuttU, 

Small Farming. 

SYSTEMATIC SMALL FARMING; or, The Lessons of my Farm. 
Being an Introduction to Modem Farm Practice for Small Farmers in the Culture 
of Cro^ ; The Feeding of Cattle ; The Management of the Dairy, Poultry and 
Pigs ; The Keeping of Farm Work Records ; The Ensilaee System, Construction 
of Silos, and other Farm Buildings ; The Improvement of Neglected Farms, &c. 
By Robert Scott Burn, Author of ** Outlines of Landed EsUtes' Management," 
and ''Outlines of Farm Management,*' and Editor of '*The Complete Grazier." 
With numerous Illustrations, crown 8vo, 6x. doth. 
" This is the completest book of its class we have seen, and one which every amateur farmer will 

read with pleasure, and accept as a guide." — Field. 

" The volume contains a vast amount of useful information. No branch of fiurming is left untouched, 

from the Labour to be done to the results achieved. It may be safely recommended to all who think they 

will be in paradise when ihey buy or rent a three-acre farm." — GUugow Herald. 

Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. Soils, 

Manures, and Crops — Farming and Farming Economy — Cattle, Sheep, and Horses — 

Management of Dairy, Pigs, and Poultry — Utilization of Town-Sewage, Irrigation, 

etc. Sixth Edition. In one vol., 1,250 pp., half.bound, profusely Illustrated, I2j. 

•*' The aim of the author has been to make his work at once comprehensive and trustworthy, and in 

this aim hr has succeeded to a degree which entitles him to much cxe)d\x.."—Mem''n£ Advertiser. 

** No farmsr should be without this book.'' — Banbnry Gnardiatt, 

Agricultural Engineering. 

FARM ENGINEERING, The Complete Text-Book of. Comprising 
Draining and Embanking ; Irrigation and Water Supply ; Farm Roads, Fences 
and Gates ; Farm Buildings, their Arrangement and Construction, with Plans and 
Estimates ; Barn Implements and Machines ; Field Implements and Machines ; 
Agricultural Surveying, Levelling, &c. By Professor John Scott, Editor of the 
** Farmers* Gazette," late Professor of Agriculture and Rural Economy at the Royal 
Agricultural College, Cirencester, &c. &c. In one vol., 1,150 pages, half- bound, 
with over 600 Illustrations, its. 
*' Written with great care, as well as with knowledge and ability. The author has done his work 

well ; we have found nim a very trustworthy guide wherever we have tested his statements. The volume 

will be of great value to agricultural students.*'- -Mmrk Lane Express. 

" For a young agriculturist we know of no handy volume likely to be more usefully studied.*'— 

BeWs U'eekly Afessen^^. 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN k A Text-Book of A^culture. 
Adapted to the Syllabus of the Science and Art Department. For Elementary and 
Advanced Students. By Hugh Clements (Board of Trade). Second Edition, 
Revised, with Additions. i8mo, 2j. (>d, cloth. {j/iisl published. 

" A most comprehensive volume, giving a mass of inrormation.** — Agricultural Economist. 

" It is a long time since we have »ecn a book which has pleased us more, or which contains such a 
vast and useful fund of knowledf^e " — Educational Times. 

Tables for Farmers, &c. 

TABLES, MEMORANDA. AND CALCULATED RESULTS for 
Farmers f Graziers, Agricullural Sttuients, Surveyors, Laitd Agents, Auctioneers, etc. 
With a New System of F'arm Book-keeping. Selected and Arranged by Sidney 
Francis. Second Edition, Revised. 272 pp., waistcoat-pocket size, limp 
leather. \s. 6d. [Just published. 

" Weighing less than i oz., and occupying no more space than a match box, it contains a mass of 
facts and calculations which has never before, in such handy form, been obtainable. Every opera- 
tion on the farm is dealt with. The work may be taken as thorouehly accurate, the whole of the 
tables having been revised by Dr. Pream. We cordially recommend it"— fiftf's Weekly Messenger. 

"A marvellous little book. . . . The agriculturist who possesses himself of it will not be 
disappointed with his investment."— TA* Fann. 
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Farm and Estate Bookkeeping. 

Book-keeping for farmers and estate owners. 

A Practical Treatise, presenting, in Three Plans, a System adapted for all Classes 

of Farms. By Johnson M. Woodman, Chartered Accountant. Second Edition, 

Revised. Cr. 8vo, jr. 6d, cloth boards ; or, 2s. 6d. cloth limp. [Just published. 

** The volume is a capitaTstudy of a most important subject."— A gricu/iural GaxsiU. 

"Will be found of great assistance by those who intend to commence a system of book-keeping, the 

author's examples being clear and explicit, and his explanations, while full and accurate, being to a 

large extent free from technicalities."— iCnw Stock JoHmal. 

** The youDg farmer, land agent, and surveyor will find Mr. Woodman's treatise more than repay 
iu cost and stnay.^'—BuiidiM^ Ntws, 

Farm Account Book, 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving a 
Weekly Labour Account and Diary, and showing the Income and Expenditure 
under each Department of Crops, Live Stock, Dairy, &c. &c. With Valuation, 
Profit and Loss Account, and Balance Sheet at the end of the Year, and an Ap- 
pendix of Forms. Ruled and Headed for Entering a Complete Record of the Farm- 
ing Operations. By Johnson M. Woodman, Chartered Accountant, Author 
of " Book-keeping for Farmers." Folio, ^s. 6d. half-bound. 
" Contains every requisite form for keeping Harm accounts readily and accurately." — Agricultur*. 

Early Fruits, Flowers and Vegetabies 

THE FORCING-GARDEN ; or, How to Grow Early Fruits, Flowers, and 
Vegetables. With Plans and Estimates for Building Glasshouses, Pits and Frames. 
Containing also Original Plans for Double Glazing, a New Method of Growing the 
Gooseberry under Glass, &c. &c., and on Ventilation, Protecting Vine Borders, &c. 
With Illustrations. By Samuel Wood. Crown 8vo, 3^. 6d. cloth. 

*' A good book, and fairly (ills a place that was in some degree vacant. The book is written with 
great care, and contains a great deal of valuable teaching," — Garaeneri Magaziru. 

** Mr. Wood's book is an orizinal and exhaustive answer to the question, ' How to Grow Early 
Fruits. Flowers and Vegetables?' ''—ZaM</aff^ Heater. 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING/ or. How to Grow 
Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures, Seeds, 
Planting. Laying-out of Gardens and Grounds, &c. By S. Wood. Fourth Edition, 
with considerable Additions, &c., and numerous Illustrations. Cr. 8vo, 3J. Cd. cloth. 
''A very good book, and one to be highly recommended as a practical guide. The practical direc- 
ons are excellent." — Athenaum. 

" May be recommended to young gardeners, cottagers, and specially to amateurs, for the plain, simple, 

and trustworthy information it gives on common matters too often negltcted."— Cardenas' Chnmicie. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING j or. How to make One Acre of 
Land produce ;f 620 a.year, by the Cultivation of Fruits and Vegetables ; also. How 
to Grow Flowers in Three Glass Houses, so as to realise/ 176 per annum clear Pro- 
fit. By Samuel Wood, Author of ** Good Gardening." &c Fifth and Cheaper 
Edition, revised, with Additions. Crown 8vo, is, sewed. 
"We are bound to recommend it as not only suited to the case of the amateur and gentleman's gar- 
dener, but to the market grower." — Gardenrrs* Magazrne. 

Gardening for Ladies, 

THE LADIES' MULTUM-^IN-PARVO FLOWER GARDEN, and 
Amateurs' Complete Guide. With Illusts. By S. Wood. Cr. 8vo, y. 6d. cloth. 

"This volume contains a good deal of sound, common-sense instruction.**— ^/t^ru/. 

" Full of shrewd hints and useful instructions, based on a lifetime of experience."— ^c<7/fMa». 

Receipts for Gardeners, 

GARDEN RECEIPTS. Edited by Charles W. Quin. i2ino, is, 6d. 
cloth limp. 
"A useful and handy book, containing a good deal of valuable information." — Atkemeum, 

Market Gardening, 

MARKET AND KITCHEN GARDENING. By Contributors to 
**The Garden." Compiled by C. W. Shaw, late Editor of "Gardening Illus- 
trated." 1 2mo, 3J. 6^. cloth boards. [Just ptdftisfted. 
'* The most valuable compendium of kitchen and market -garden work published."— Farw^. 

Cottage Gardening. 

COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables for 
Small Gardens. By E. Hobday. i2mo, is, 6d. cloth limp. 
" Contains much useful mforoiation at a small charge." — Glasgow Keraid. 
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LAND AND ESTATE MANAGEMENT, LAW, etc. 



Hudson's Land Valuer's Poohet-Book. 

THE LAND VALUER'S BEST ASSISTANT: Being Tables on a 
very much improved Plan, for Calculating the Value of Estates. With Tables for 
reducing Scotch, Irish, and Provincial Customary Acres to Statute Measure, &c. 
By R. Hudson, C.E. New Edition. Royal 32mo, leather, elastic band, 41. 

" This new edition includes tables for ascertaining the value of leases for any term of years ; and 
for showing how to lay out plots of ground of certain acres in forms, square, round, &c., with valuable 
rules for ascertaining the probable worth of standing timber to any amount ; and is of incalculable value 
to the country gentleman and professional man." — Farmtri* JoumaL 

Ewart's Land Improver's Pooket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULAE, 
TABLES, and MEMORANDA required in any Compuiatum relating to the Per- 
manent Improvement of Landed Property, By John Ewart, Land Surveyor and 
Agricultural Engineer. Second Edition, Revised. Royal 32mo, oblong, leather, 
gilt edges, with elastic band, 4J. 
"A compendious and handy little yohimt"— Spectator. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COMPLETE 
POCKET-BOOK. Consisting of the above Two Works bound together. Leather, 
gilt edges, with strap, Js. 6d, 

" Hudson's book is the best ready-reckoner on matters relating to the valuation of land and crops, 
and its combination with Mr. Ewart's work greatly enhances the value amd usefulness of the latter- 
mentioned It is most useful as a manual for reference/*— ^Vi9r^A^^M!f^!es«M/^ArMfrr. 



Auctioneer's Assistant 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE AND 
ESTATE AGENT AND VALUER'S POCKET ASSISTANT, for the 
Valuation for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally ; with Prices for Inventories, &c. By John Wheeler. 
Valuer, &c. Fifth Edition, Re- written and greatly Extended by C. NoRRis, Sur- 
veyor, Valuer, &c. Royal 32mo, 5j. cloth. 

"A neat and concue book of reference, containing an admirable and clearly-arranged list of prices 
for inventories, and a very practical guide to determine the value of furniture, Slc."— Standard. 

" Contains a large quantity of varied and useful informadon as to the valuation for purchase, sale, or 
renewal of leases, annuities and reversions, and of property generallv, with prices for inventories, and a 
guide to determine the value of interior fittings and other effects." — BuiUUr, 

Auctioneering. 

AUCTIONEERS: Their Duties ana Liabilities, A Manual of Instruc- 
tion and Counsel for the Young Auctioneer. By Robert Squibbs, Auctioneer. 
Second Edition, Revised and partly Re- written. Demy 8vo, 12s. 6d. cloth. 

[Just published, 
*' The position and duties of auctioneers treated compendiously and cltuciy**-^BM$tder. 
*' Every auctioneer ought to possess a copy of this excellent woric." — Ironmonger. 
" Of great value to the profession. . . . We readily welcome this book from the fact that it treats 
the subject in a maimer somewhat new to the protctaion.*' —Estates Gasette, 

Legal Quidefor Pawnbrokers. 

THE PAWNBROKERS', FACTORS' AND MERCHANTS' 
GUIDE 70 THE LAW OF LOANS AND PLEDGES^ With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and Criminal, as to 
Loans and Pledges of Goods, Debentures, Mercantile and other Securities. By 
H. C. FOLKARD, Esq., Barrister-at-Law, Author of "The Law of Slander and 
Libel," &c. With Additions and Corrections. Fcap. 8vo, 3^. 6d, cloth. 

"This work contains simply everything that reauires to be known concerning the department ot 
the law of which it treats. We can safely commend the book as unique and very nearly perfect."— /fws. 

" The task undertaken by Mr. Folkard has been very satisfactorily performed. . . . Such 
explanations as are needful have been supplied with great cleamcss and wiu due regaxd to brevitv."— 
Ciit Preu, ' 
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Law of Patents. 

PATENTS FOR INVENTIONS^ AND HOW TO PROCURE 
THEM, Compiled for the Use of iDventors, Patentees and others. By G. G. M. 
Hardingham, Assoc. Mem. Inst. C.E., &c. Demy 8vo, cloth, price 2s. 6d. 

\Just published. 

Metropolitan Rating Appeals. 

REPORTS OF APPEALS HEARD BEFORE THE COURT OF 

GENERAL ASSESSMENT SESSIONS, from the Year 1871 to 1885. By 

Edward Ryde and Arthur Lyon Ryde. Fourth Edition, brought down to 

the Present Date, with an Introduction to the Valuation (Metropolis) Act, 1869, 

and an Appendix by Walter C. Ryde, of the Inner Temple, Barrister-at-Law. 

8vo, i6j. cloth. 

" A useful work, occupyinf^ a place mid-way between a handbook for a lawyer and a guide to the 

surveyor. It is compiled by a gentleman eminent in his profession as a land agent, whose specialty, it is 

acknowledged, lies in the direction of assessing property for rating purposes.**— Zaiki/ Attntf Record. 

'* It is an indispensable work of reference tor all engaged in assessment business."— JoMrno/ 0/ 
Gm Lighting. 

House Property. 

HANDBOOK OF HOUSE PROPERTY: A Popular and Practical 
Guide to the Purchase, Mortgage, Tenatuy, and Compulsory Sale of Houses and 
Land, including the Law of Dilapidations and Fixtures : with Examples of all 
kinds of Valuations, Useful Information on Building and Suggestive Elucidations 
of Fine Art. By E. L. Tarbuck, Architect and Surveyor. Fourth Edition, 
Enlarged. i2mo, 5^. cloth. 
•'The advice b thoroughly practical."— i^aw y^urnal. 

" For all who have dealings with house property, this s an indispensable f^ide,**— Decoration, 
" Carefully brought up to date, and much improved by the addition of a division on Fine Art. 
. , . . A well-wntten and thoughtful work."— Loiut AgenVs Record. 

Inwood's Estate Tables. 

TABLES FOR THE PURCHASING OF ESTATES, Freehold, 
Copyhold, or Leasehold ; Annuities, Advowsons, ^c, and for the Renewing of 
Leases held under Cathedral Churches, Colleges, or other Corporate bodies, for 
Terms of Years certain, and for Lives ; also for Valuing Reversionary Estates, De- 
ferred Annuities, Next Presentations, &c. ; together with Smart's Five Tables of 
Compound Interest, and an Extension of the same to Lower and Intermediate 
Rates. By W. In wood 23rd Edition, with considerable Additions, and new and 
valuable Tables of Logarithms for the more Difficult Computations of the Interest 
of Money, Discount, Annuities, &c., by M. Fedor Thoman, of the Soci^t^Cr^it 
Mobilier of Paris. Crown 8vo, &r. doth. 
"Those interested in the purchase and sale of estates, and in the adjustment of com|>ensation cases, 

as well as in transactions in annuities, life insurances, &c, will find the present edition of eminent 

wvnoa.**— Engineering, 

" ' Inwood's Tables ' still maintain a most enviable reputation. The new issue has been enriched by 

large additional contributions by M. F^dor Thoman, whose carefully-arranged Tables cannot fail to be 

of the utmost utilityi"— Af««<*v 7<mmal, 

Agricultural and Tenant-Right Valuation. 

THE AGRICULTURAL AND TENANT- RIGHT -VALUER'S 
ASSISTANT, A Practical Handbook on Measuring and Estimating the Contents, 
Weights and Values of Agricultural Produce and Timber, the Values of Estates 
and Agricultural Labour, I^rms of Tenant- Right- Valuations, Scales of Compensa- 
tion under the Agricultural Holdings Act, 1883, &c. &c. By Tom Bright, 
Agricultural Surveyor. Crown 8vo, $s, 6d. cloth. 
" Full of tables and examples in connection with the valuation of tenant-right, estates, labour, con- 
tents and weighu of timber, and farm produce of all lands.**— Agricnltnral Gasetie, 

** An eminently practical handbook, full of practical tables and data of undoubted interest and value 
to surveyors and auctioneers in preparing valuations of all kinds."— F«rwMr. 

Plantations and Underwoods. 

POLE PLANTATIONS AND UNDERWOODS: A Practical Hand- 
book on Estimating the Cost of Forming, Renovating, Improving, and Grubbing 
Plantations and Underwoods, their Valuation for Purposes of Transfer, Rental, 
Sale or Assessment. By Tom Bright, F.S.Sc, Author of " The Agricultural and 
Tenant- Right- Valuer's Assistant," &c. Crown 8vo, ^r. 6</. cloth. [Just published, 

"Will be found very useful to those who are actually engaged in managing wood."— J9«tf's 
Weihfy Mestenger. 

*' To valuers, foresters and agents it will be a welcome aid."— JVoff A BrUish Agriculturist. 

" Well calculated to assist the valuer in the discharge of his duties, and ol undoubted interest 
and use both to surveyors and auctioneers in preparing valuations of all kindi,"^Kent Herald. 
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A Complete Epitome of the Laws of this Country. 

EVERY MAN'S OWN LAWYER: A Handy- Book of the PHndpUs 
of Law and Equity, By A Barrister. Twenty-eighth Edition. Revised and 
Enlarged. Including the Legislation of 1890, and including careful digests of Tfu 
Bankruptcy Act, 1890 ; the Directors Liability Act^ 1 890 ; the Partnership Act, 
1890 ; the Intestates* Estates Act, 1890 ; the Settled Land Act, 1890; the Housing 
of the Working Classes Act, 1890 ; the Infectious Disecue (Prevention) Act, 1890 ; 
the Allotments Act, 1890 ; the Tenants^ Compensation Act, 1890 ; and the Trustees^ 
Appointment Act, 1890 ; while other new Acts have been duly noted. Crown 8vo, 
688 pp., price ts, &/. (saved at every consultation ! ), strongly bound in cloth. 

\Just published, 

•*• THE BOOK WILL BE FOUND TO COMPRISE (AMONGST OTHER 
MATTER)— 

The Rights and Wrongs of Individuals— Landlord and Tenant- 
Vendors AND Purchasers — Partners and Agents — Companies and Associa- 
tions—Masters, Servants and Workmen— Leases and Mortgages — Church 
AND Clergy, Ritual— Libel and Slander— Contracts and Agreements- 
Bonds AND Bills of Sale— Cheques, Bills and Notes— Railway and Shipping 
Law — Bankruptcy and Insurance — Borrowers, Lenders and Sureties — 
Criminal Law— Parliamentary Elections— County Councils— Municipal 
Corporations — Parish Law, Churchwardens, etc. — Insanitary Dwellings 
and Areas— Public Health and Nuisances— Friendly and Building Societies 
— Copyright and Patents — Trade Marks and Designs — Husband and Wife, 
Divorce, etc.— Trustees and Executors — Guardian and Ward, Infants, etc. 
— Game Laws and Sporting — Horses, Horse-dealing and Dogs— Innkeepers, 
Licensing, etc.— Forms of Wills, Agreements, etc. etc. 

Note. — The object of this work is to enable those who consult it to help thettisehtes to 
the law ; and thereby to dispense^ as far as possible, with professional assistance and 
advice. There are many wrongs and grievances which persons submit to from time to 
time through not knowing how or where to apply for redress ; and many persons have as 
great a dread of a lawyer's office as of a lion's den. With this book at hand it is believed 
that many a Six-and-Eightpence may be saved; many a wrong redressed ; many a 
right reclaimed ; many a law suit avoided; and many an eml abeUed. The work has 
established itself as the standard legal adviser of all classes, and has also made a reputa- 
tion for itself cu a useful book of reference for lawyers residing at a distance from law 
libraries, who are glad to have at hand a work embodying recent decisions and enactments. 

•«• Opinions of the Press. 

'* It is a complete code of English Law written in plain language, which all can understand. . . 
Should be in the hands of every business man, and ail who wish to abolish lawyers' bills." — Wtekfy Times, 

" A useful and concise epitome of the law, compiled with considerable care. "—Zosv Magtuime, 

** A complete digest of the most useful facts which constitute English law."— G/o6r. 

"This excellent handbook. . . . Admirably done, admirably arranged, and admirably cheap.**— 
Leeds Mercury. 

** A concise, cheap, and complete epitome of the English law. So plainly written that he who runs 
may read, and he who reads may understand." — Figaro. 

" A diictionary of legal facts well put together. The book b a very useful <ai^.**—Speciator. 

" A work which has long been wanted, which is thoroughly well done, and which we most cordially 
recommend."— >S'««k&»^ Times, 

"The latest edition of this popular book ought to be In every business establishment, and on every 
Ubrary XaAA^.^—She^ld Post, 

Private Bill Legislation and Prouisionai Orders. 

HANDBOOK FOB THE USE OF SOLICITOBS AND ENGINEERS 
Engaged in Promoting Private Acts of Parliament and Provisional Orders, for the 
authorization of Railways, Tramways, Works for the Supply of Gas and Water, and 
other undertakings of a like character. By L. Livingston Macassey, of the 
Middle Temple, £arrister-at-Law, and Member of the Institution of Civil Engineers ; 
Author of ** Hints on Water Supply." Demy 8vo, 950 pp., price 25s. cloth. 
The volume is a desideratum on a subject which can be only acquired by i»actical experience, 

and the order of procedure in Private Bill Legislation and Prtivisional Orders is followed. The 

author's suggestions and notes will be found of great value to engtneeti and othen professionally 

engaged in this class of practice." ^Buildiitg Nettn, 

" The author's double experience as an engineer and barrister has eminently qualified K««n for 

tibie task, and .<»fbled him to approach the subject alike from an engineering and I^ point of view. 

The volume wUI be found a great help both to engineers and lawyers engaged in ptomoting Private 

Acts of Parliament and Provwional OTAen.*'—Lceai Gmnrnmemt Ckrm^, 
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Meale's l^utrinietttara %txm. 

^onbon, 1862, 

THE PRIZE MEDAL 

Was awarded to the Publishers of 
"WE ALE'S SERIES." 





A NEW LIST OF 

WEALE'S SERIES 



OF 



RUDIMENTARY SCIENTIFIC WORKS. 



W ** WEALE'S SERIES includes Text-Books on almost every branch of Science 
and Industry, comprising such subjects as Agriculture, Architecture and Building, Civil 
Engineering, Fine Arts, Mechanics and Mechanical Engineering, Physical and Chemical 
Science, and many miscellaneous Treatises. The whole are constantly undeigoine revi- 
sion, and new editions, brought up to the latest discoveries in scientific research, are 
constantly issued. The prices at which they are sold are as low as their excellence is 
na&vst^.**-~ American Literary Gazette, 

"Amongst the literature of technical education, Weale's Series has ever enjoyed 
a high reputation, and the additions being made by Messrs. Crosby Lockwood & Son 
render the series even more complete, and bring the information upon the several subjects 
down to the present time." — Mining Journal, 

"Any persons wishing to acquire knowledge cannot do better than look through 
Weale's Series and get all the books they require. The Series is indeed an inexhaus- 
tible mine of literary wealth.** — The Metropolitan, 

"Weale's Series has become a standard as well as an unrivalled collection of 
treatises in all branches of art and science." — Public Opinion, 

"The excellence of Weale's Series is now so well appreciated that it would be 
wasting our space to enlarge upon their general usefulness and value." — Builder, 

"It is not too much to say that no books have ever proved more popular with or 
more useful to young engineers and others than the excellent treatises comprised in 
Weale's Series." — Engineer, 

"The volumes of Weale's Series form -one of the best collections of elementary 
technical books in any language." — Architect. 

" A collection of technical manuals which is unrivalled." — Weekly Dispatch, 
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THE PRIZE MEDAL 

Was awarded to the PublUhen for 

Books : Rudimentary Scientific, 

"WEALE'S SERIES," &c. 
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WEALE'S RUDIMENTARY SCIENTIFIC SERIES. 

%• The volumes of this Series are freely Illustrated with Wood- 
cuts, or otherwise, where requisite. Throughout the following List it must 
be understood that the books are bound in limp cloth, unless otherwise 
stated ; but the volumes marked with a % may also be had strongly bommd 
in cloth boards for 6d. extra, 

N.B. — In ordering from this List it is recommended, as a means cj 
facilitating business and obviating error ^ to quote the numbers affixed to the 
volumes, as well as the titles and prices. 



CIVIL ENGINEERING, etc. 
31. WELLS AND WELL-SINKING, By John Geo. Swindell, 

A.R.I.B.A., and G. R. Burnell, C.E. Revised Edition. With a New 

Appendix on the Qualities of Water. Illustrated 3/0 

*' Solid practical information, written in a concise and hictd style. The work can be recommended 
as a text-book for all surveyors, architecu, &.c**—Iron and Coal Trades Review. 

35. THE BLASTING AND QUARRYING OF STONE, 

for Building and other Purposes. With Remarks on the Blowing up of 
Bridges. By Gen. Sir J. BURGOYNE. K.C.B. 1/6 

43. TUBULAR AND OTHER IRON GIRDER BRIDGES, 

describing the Britannia and Cotiway Tubular Bridges. With a Sketch of 
Iron Bridges, &c. By G. Drysdale Dcmpsey. C.E. Fourth Edition . 2/0 

44. FOUNDATIONS AND CONCRETE WORKS. WithPrac- 

tical Remarks on Footings, Planking, Sand, Concrete, Bdton, Pile-driving, 
Caissons, and Cofferdams. By £. DoBSON, M.R.I.B.A. Sixth Edition • .1/6 

60. LAND AND ENGINEERING SURVEYING. For 
Students and Practical Use. By T. Baker. C.E. Fourteenth Edition, 
revised and corrected by J. R. Young, formerly Professor of Mathematics, 
Belfast College. Illustrated with Plates and Diagrams 9/o{ 

8o*. EMBANKING LANDS FROM THE SEA. With Examples 

and Particulars of actual Embankments, &c. By John Wiggins, F.G.S. . a/o 

81. WATER WORKS, for the Supply of Cities and Towns. With 

n Description of the Principal Geological Formations of England as influencing 
Supplies of Water; and Details of Engines and Pumping Machinery for 
raising Water. By Samuel Hughes, F.G.S., C.E. Enlarge! Edition . . 4/0J 
" Every one who is debating how his village, town, or city shall be plentifully supplied with pare 
water should read this book." — Xnvcastle Courant, 

X17. SUBTERRANEOUS SURVEYING. By Thomas Fen- 

WICK. Also the Method of Conducting Subterraneous Sur\*eys without the use 

of the Magnetic Needle, and other modem Improvements. ByT. Baker, C.E. a/o^ 

1x8. CIVIL ENGINEERING IN NORTH AMERICA, A 

Sketch of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. . 3/0 

X67. A TREATISE ON THE APPLICATION OF IRON TO 

THE CONSTRUCTION OF BRIDGES, ROOFS, AND OTNRR 
WORKS. By Francis Campin, C.E. Fourth Edition . . . . a^J 
" For numbers of young engineers the book is just the cheap, handy, first guide they want.** — 
MiddUshcrough Weekly News. ^' Remarkably accurate and well written.'*— >4r//«rt*. 

X97. ROADS AND STREETS (THE CONSTRUCTION OF), 
in Two Parts : I. The Art of Constructing Common Roads, by H. 
Law. C.E., Revised by D. Kinnear Clark, C.E.; II. Recent Practice: 
Including Pavements of Stone. Wood, and Asphalte. By D. K. CLARK, C. E. 4/6^ 
•* A book which cvei-y borough surveyor and engineer must possess, and which will be of considerable 
service to architects, builders, and property owners generally.*' — Building News.^ 

:,oz. SANITARY WORK IN THE SMALLER TOWNS 
AND IN VILLAGES. By Charles Slagg, Assoc. M. Inst. C.E. Second 

Edition, enlarged 3 'cj 

"This is a very useful book There \% a great deal of work required to be done in the smaller io«iu 
and villages, .ind this little voluine will help those who are willing to do 'w.**— Builder. 

«3r Tke t indicates that these vols, may be had strongly bound at 6d. extra. 
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Civil Engineering, etc., continued, 

2M. THE CONSTRUCTION OF GAS WORKS, and the Manu- 
factnre and Distribution of Coal Gas. By S. Hughes, C.£. Re-written by 
William Richards, C.E. Seventh Edition, with important Additions . 5/6$ 
"Will be of infinite^servioe alike lo manufacturers, dbtributors, and consumers.''*-/Vnn«uuv Euginter, 

213. PIONEER ENGINEERING : A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands m New Countries. 
By Edward Dobson, A.I. C.E. With numerous Plates. Second Edition . 4/6$ 
" Mr. Dobson is familiar with the difficulties which have to be overcome in this class of work, and 
much of his advice will be valtmble to young engineers proceeding to our colonies.*' — Enginttring. 

ai6. MATERIALS AND CONSTRUCTION: A Theoretical 
and Practical Treatise on the Strains, Desiring, and Erection of Works of 
Construction. By Francis Campin, C.E. Second Edition, carefully revised. q/oJ 
*' No better exposition of the practical application of the principles of construction has yet been 
published to our knowledge in such a cheap comprehensive form." — Bnilding; News. 

ai^ CIVIL ENGINEERING. By Henry Law, M. Inst. C.E. 
Including a Treatise on Hydraulic Engineering by G. R. Burnell, 
M.I. C.E. Seventh Edition, revised, with Largs Additions on Recent 
Practice by D. Kinnear Clark, M. Inst. C.E. dr. 6^., cloth boards . 7/6 
" An admirable volume, which we warmly recommend to young engineers." — Builder, 

a6o. IRON BRIDGES OF MODERATE SPAN: Their Con- 
struction and Erection. By Hamilton Weldon Pendred, late Inspector of 
Ironwork to the Salford Corporation. With 40 Illustrations . . . .2/0 
" Students and engineers should obtain this book for constant and practical use.*'" CoUitry Guardian, 

2«8. THE DRAINAGE OF LANDS, TOWNS, AND BUILD- 
INGS, By G. D. Dempsey, C.E. Revised, with large Additions on Recent 
Practice in Drainage Engineering, by D. Kinnear Clark, M.I.C.E. Second 
Edition, corrected [^ust published. 4/6} 



MECHANICAL ENGINEERING, etc. 

33, CRANES, the Construction of, and other Machinery for Raising 

Heavy Bodies for the Erection of Buildings, &c. By Joseph Glynn, F.R.S. 1/6 

34. THE STEAM ENGINE. By Dr. Lardner. Illustrated . 1/6 

59. STEAM BOILERS: Their Construction and Management 

By R. Armstrong, C.E. Illustrated i/C 

" A mass of information suitable for beginners." — Design and Werk. 

82. THE POWER OF WATER, as applied to drive Flour Mills, 
and to give motion to Turbines and other Hydrostatic Engines. By Joseph 
Glvnn, F.R.S., &c. New Edition. Illustrated 20 

g8 PRACTICAL MECHANISM, and Machine Tools. By T. 

Baker, C. E. With Remarks on Tools and Machinery, by J. Nasmyth, C.E. 2/6 

X30. JHE STEAM ENGINE, a Treatise on the Mathematical 

Theory of, with Rules and Examples for Practical Men. By T. Baker, C.E. 1/6 
** Teems with scientific information in reference to the steam-engine. —J^m^en and Wwh. 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, Bridges, 
Ship-building, &c. By |. G. Winton. Fourth Edition, Illustrated . . 3/6 J 
"Whether for the apprentice determined to master his profession, or for the artisan bent upon raising 
himself to a higher position, this clearly written and practical treatise will be a great help."— ^fv/fwraM. 

165, IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Girders, By J. Armour, C.E. • a/6 
"A very useful and thoroughly practical little s^vmt^*— Mining JcumaL 

t66 POWER IN MOTION: HorSe-power Motion, Toothed-^Vheel 

Gearing, Long and Short Driving Bands, Angular Forces, &c. By JAIIBS 

Armour. C.E. With 73 Diagrams. Third Edition 2/0 J 

" The value of the knowledge imparted cannot well be over-estimated."^ ATrfwraj/Z^r Weekly Ckron. 

„, THE WORKMAN'S MANUAL OF ENGINEERING 

' DRAWING, By John Maxton, Instructor in Engineering Drawing, 

Royal Naval College, Greenwich. Sixth Edition. 300 Plates and Diagrams . 3/6} 
"A copy of it should be kept for reference in every drawing of&ce."^ Engineer ing. 



The X indicates that these vols, may he had strongly bound at 61. extra. 
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Mechanical Engineering, etc., continued, 

190. STEAM AND THE STEAM ENGINE, Stationary and Port- 
able, An Elementary Treatise on. Being an Extension of the Elementary 
Treatise on the Steam Engine of Mr. John Sewell. By D. K. Clabk, C.E. 

Third Edition 3/6J 

"Every essential part of the subject is treated of competently, and in a popular style."— /f«n. 

200. FUEL, ITS COMBUSTION AND ECONOMY. Con- 

sisting of an Abridgment of " A Treatise on the Combustion of Coal and the 
Prevention of Smoke." By C. W. Williams, A.I.C.E. With extensive 
Additions by D. Kinnear Clark, M. Inst. C.E. Third Edition, corrected 3/6^ 
" Students should buy the book and read it, as one of the most complete and satisfactory treatises on 
the combustion and economy of fuel to be had." — Engineer, 

ao9. LOCOMOTIVE ENGINES, A Rudimentary Treatise on. 
By G. D. Dempsey, C.E. With large Additions treating of the Modem 
Locomotive, by D. K. Clark. M. Inst. C.E. With numerous Illustrations . ot 
"A model of what an elementary technical book should he"—Aaulemy. 

ail. THE BOILERMAKER'S ASSISTANT in Drawing, Tern- 
plating, and Calculating Boiler Work, &c. By J. Courtney, lYactical Boiler- 
maker. Edited by D. K. Clark. C.E. Third Edition, revised . . . a/o 
*' With very great care we have gone throueh the * Boilermaker's Assistant,' and have to say that 
has our unqualified approval. Scarcely a point has been om^XXitA,^* —Foreman Engineer. 

ai7. SEWING MACHINERY: Its Construction, History, &c 

With full Technical Directions for Adjusting, &c. By J. W. Urquhart, C.E. 9/0J 
" A full description of the principles and construaion of the leading machines, and minute instruc- 
tions as to their management."— >S'c^/jmaff. 

aas MECHANICAL ENGINEERING, Comprising Metallurgy. 
Moulding.Casting.Foiging. Tools, Workshop Machinery, Mechanical Manipula- 
tion, Manufacture of the Steam Engine, &c. By Francis Campin, C.E. . 2/6; 
"A sound and serviceable text-book, quite up to A^XcJ^—Building News. 

23d. DETAILS OF MA CHINER Y. Comprising Instructions for 

the Execution of various Works in Iron in the Fitting-Shop, Foundry, and 

Boiler-Yard. By Francis Campin, C.E 3/0J 

" A sound and practical handbook for all engaged in the engineering trades.**— ^m/^/iVv' World, 

237. THE SMITHY AND FORGE, including the Farrier's Art 

and Coach Smithing. By W. J. E. Crane. Second Edition, revised . . 2/6^ 
"The first modem English book on the subject. Great pains have been bestowed by the author 
upon the book ; dioeing smiths will find it both useful and interesting."— i9Mf/<^. 

ajs. THE SHEET-METAL WORKER'S GUIDE: KYx^dkcA 

Handbook for Tinsmiths. Coppersmiths. Zincworkers, &c.. with 46 Diagrams 
and Workmg Patterns. By W. J. E. Crane . Second Edition, revised. . 1/6 
" The author has acquitted himself with considerable tact in choosing his examples, and with no 
ess ability in treating them."— /'/•tm^rr. 

a5x STEAM AND MA CHINER Y MANAGEMENT: A Guide 
to the Arrangement and Economical Management of Machinery, with Hints 
on Construction and Selection. By M. Powis Bale, M.Inst.M.E. 8/6} 

• * Of high practical value. "—Colliery Guardian. 

•• Gives the results of wide experience."— Z/![y«f* Newspaper, 

254. THE BOILER'MAKER'S READY RECKONER, with 

Examples of Practical Geometry and Templating f»r the Use of Platers, Smiths, 
and Riveters. By John Courtney. Edited by D. K. Clark. M.I.C.E. 

Second Edition, revised, with Additions 4/0 

•»• Tht above» strongly half-bound, price 51. 
" A most useful work. No workman or apprentice should be without it."— /fvn Trade Circnlur. 

255. LOCOMOTIVE ENGINE-DRIVING, A Practical Manual 

for Engineers in charge of Locomotive Engines. By Michael Reynolds, 

M.S.E. Eighth Edition, y. 6d. limp ; cloth boards 4/6 

" We can confidently recommend the book, not only to the practical driver, but to everyone who 
t likes an interest in the performance of locomotive engines. — The Engineer. 

256. STATIONARY ENGINE-DRIVING. A Practical Manual 

for Engineers in charge of Stationary Engines. By Michael Reynolds, 

M.S.E. Third EdiUon. y. 6d. limp ; cloth boards 4/6 

" The author b thoroughly acquainted with his subjects, and has produced a manual which is an 
^xciedtngly useful one for the class for whom it is specially intQnde6.'*'-£ni^ineering. 

IS" The t indicates that these vols, may be had strongly bound at 6d. extra. 
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MINING, METALLURGY, etc. 

4. MINERALOGY, Rudiments of. By A. Ramsav, F.G.S. 

Third Edition, revised and enlaiiged. Woodcuts and Plates . . . . 3 6t 
" The author throughout has displayed an intimate knowledge of his subject, and great facility in 
imparting that knowledge to others. The book is of great utility/'— A/f/i/V*^ Journal. 

117. SUBTERRANEOUS SURVEYING, with and without the 

Magnetic Needle. By T. Fen wick and T. Baker, C.E. •Illustrated . . 2/6J 

133. METALLURGY OF COPPER: An Introduction to the 

Methods of Seeking, Mining, and Assaying Copper. By R. H. Lamborn. s/62 

135. ELECTRO'METALLURGY, Practically Treated. By Alex- 
ander Watt. Ninth Edition, enlarged and revised. With Additional 
Illustrations, and including the most Recent Processes . \jfvst published, 5/6X 
" From this book both amateur and artisan may learn everything necessary."— /rtf». 

173. MINING TOOLS, Manual of. By William Morgans, 

Lecturer on Practical Mining at the Bristol School of Mines .... 2/6 
xj^^MII^ING TOOLS, ATLAS of Engravings to Illustrate the 

above, containing 335 Illustrations of Mining Tools, drawn to Scale. 4to. . 4/6 
" Students, Overmen, Captains, Managers, and Viewers may gain practical knowledge and useful 
hints by the study of Mr. Morgans* Manual." — Colliery Gtiardian. 

X76. METALLURGY OP IRON Containing History of Iron 
Manufacture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. By H. Bauerman, F.G.S., A.R.S.M. With 
numerous Illustrations. Sixth Edition, revised and enlarged .... 5/o{ 
" Carefully written, it has the merit of brevity and conciseness, as to less important points; while a 
material matters are very fully and thoroughly entered vato "—Standard, 

180. COAL AND COAL MINING, A Rudimentary Treatise on. 
Bv the late Sur WaringtonW.Smyth.M.A., F.R.S., Ac, Chief Inspector 
of the Mines of the Crown. Shcth Edition, revised and enlarged . . . 3^6$ 
" Every portion of the volume ai>pear3 to have been prej^ared with much care, and as an outline is 
given of cvttj known coal-field in this and other countries, as well as of the two principal method! of 
working, the Sock will doubdess interest a very large number of readers."—- il/iW^ Journal. 

195. THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, Comprising a Treatise on Improved Mining Surveying 
and the Valuation of Mining Properties, with New Traverse Tables. By W. 
Lintern, Mining and CivU Engineer. Third Edition, with an Appendix on 
Magnetic and Angular Surv^ing, with Records of the Peculiarities of Needle 

Disturbances. With Four Plates of Diagrams, Plans, &c 3/6t 

" Contains much valuable information, and is thoroughly trustworthy " — Iron &* Coal Tradts Rtvitw, 

314. SLATE AND SLATE QUARRYING, Scientihc, Practical, 
and Commercial. By D. C. Davibs. F.G.S., Mining Engineer, &c. With 
numerous lUustrations and Folding Plates. Third Edition .... 3/0} 
'*One of ^e best and best-balanced treatises on a special subject that we have met with."— 
Engineer, 

364. A PIRST boor: OP MINING AND QUARRYING, with 

the Sciences connected therewith, for Primary Schools and Self Instruction. By 
T. H. Collins, F.G.S., Lecturer to the Miners' Association of Cornvrall and 

Devon. Second Edition, with additions x/6 

" For those concerned in schools in the mining districts, this work is the very thing that should be in 
the hands of their schoohnasters."— /r^M. 

ARCHITECTURE, BUILDING, etc. 
x6, ARCHITECTURE— ORDERS— The Orders and their 

iCsthetic Principles; By W. H. Leeds. lUustrated x/6 

17. ARCHITECTURE— STYLES— The History and Descrip- 
tion of the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R. I. B.A., &c. Illustrated . . a/o 
%♦ Orders and Styles of Architecture, in One Vol,^ 3J, 6<f. 
is. ARCHITECTURE— DESIGN— T\it Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 
Greek and Gothic Architects. By Edw. Lacy Garbbtt. Architect. Illustxated a/6 
" We know no work that we woukl sooner recommend to an attentive reader desirous to obtain dear 
views of the nature of architectural art. The book is a valuable ont.^'—Builder. 
•^» The thru preceding Works in One handsome Vol,, half bound, entitled " MODERN 

ARCHITECTURE,"/rrV^ 6j. _^_ 

vsr The \ indicates that these vols, may be had strongly bound at 6d, extra. 



46 CROSBY LOCKIVOOD ^ SON'S CATALOGUE. 



Architecture, Building, etc., cotUinued, 

«2. THE ART OF BUILDING, Rudiments of. General Prin- 
ciples of Construction, Strength and Use of Materials. Working Drawings, 

Specifications. &c. By Edward Dobson, M.R.I.B.A.,&c a/oX 

" A good book for practical knowledge, and about the best to be obtained."— ^«t^/>r I^cws, 

^S. MASONRY AND STONECUTTING: The Principles of 
Masonic Projection and their application to Construction. By E. Dobson, 
M.R.1.B.A 2;6t 

4a. COTTAGE BUILDING. By C. Bruce Allen. Tenth Ed., 

with a Chapter on Economic Cottages for Allotments, by E. E. Allen, CE. a/o 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MAS- 
TICS, plastering, ^c By G. R. BURNELL, CE. Thirteenth Edition 1/6 

57. WARMING AND VENTILATION of Domestic and Public 

Buildings. Mines. Lighthouses. Ships, &c. By Charles Tomlinson, F.R.S. 3/0 

XXX. ARCHES, PIERS, BUTTRESSES, &'c.: Experimental 

Essays on the Principles of Construction in. By William Bland . . x/6 

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, 

The Principles of the Science of Sound applied to the purposes of the Architect 
and Builder. By T. Roger Smith, M.R.LB.A., Architect. Illustrated . x/6 

127. ARCHITECTURAL MODELLING IN PAPER, The .Irt 

oL By T. A. Richardson. With Illustrations, engraved by O. Jewitt • x/6 
"A valuable aid to the practice of architectural modelling."— ^mi/(^^« Wetkly RtporUr, 

laS. VITRUVIUS—THE ARCHITECTURE OF MARCUS 
VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 

Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates 5/0 

N.B.-^This is the only Edition of ViTRUVius procurable at a moderate price, 

130. GRECIAN ARCHITECTURE, An Inquiry into the Prin- 
ciples of Beauty in ; with an Historical View of the Rise and Progress of the 

Art in Greece. By the Earl op Aberdeen x/o 

%♦ The two preceding Works in One handsome Vol., half bound, entitled "Ancient 

Architecture." ^n"« 6s, 

X3a. DWELLING-HOUSES, The Erection of, Illustrated by a 
Perspective View. Plans, Elevations, and Sections of a Pair of Villas, with 
the Specification, Quantities, and Estimates. By S. H. Brooks. Architect . s/6} 

156. QUANTITIES AND MEASUREMENTS, in Bricklayers', 
Masons', Plasterers', Plumbers', Painters', Paperhangers'. Gilders', Smiths', 
Carpenters' and Joiners' Work. By A. C. Beaton, Surveyor . . ,1/6 
" This hook is indispensable to builders and their quantity clerks."— ^Myr^iiA Mecktmic» 

us- LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1891. 

A Comprehensive Handbook of the Latest Prices and Data for Builders, 
Architects, Engineers, and Contractors, Re-constructed, Re-written, and 
greatly Enlarged. By Francis T. W. Miller, A. R.I.B. A. 650 pages. . 3/6J 

182 CARPENTRY AND JOINERY— Tkz Elementary Prin- 
ciples OP Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With Additions, and a TREATISE ON 
JOINERY by E. W. Tarn, M.A. Fifth Edition, Revised and Extended , 3/6$ 

i8a». CARPENTRY AND JOINERY. ATLAS of 35 Plates to 

accompany and illustrate the foregoing book. With Descriptive Letteipress. 4to 6/0 
" These two volumes form a complete treasury of carpentry and joinery, and should be in the hnndi 
of every carpenter and joiner in the empire."— /rvM. 

185. THE COMPLETE MEASURER; setting forth the Measure- 

ment of Boards, Glass, Timber and Stone. By R. Horton. Fifth Edition . 4/0 
♦,♦ The above, strongly bound in leather, price 5^. 

X87. HINTS TO YOUNG ARCHITECTS. By George Wight- 

wiCK, Architect, Author of "The Palace of Architecture," &c., Ac. Fifth 
Edition, revised and enlarged by G. Huskisson Guillaume, Architect. 3/6J 
"A copy oujfht to be considered as necessary a purchase as a box of instruments."— yirrAiVrc/. 

t^f" The X indicates that these vols, may be had strongly bound at 6d. extra. 
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Architecture, Building, etc., continued. 
188 HOUSE PAINTING, GRAINING, MARBLING, AND 

SIGN WRITING: With a Cour&e of Elementary Drawing, and a Collection 
of Useful Receipts. By Ellis A. Davidson. Fifth Edition. Coloured Plates 5/0 
•,* The above in cloth boards, strongly bound, 6j. 
" A mass of information of use to the amateur and of value to the practical mzn'^^Engluk Mechanic » 

,89. THE RUDIMENTS OF PRACTICAL BRICKLAYING, 

General Principles of Bricklaying ; Arch Drawing, Cutting, and Setting ; 
Pointing; Paving, Tiling, &c. By Adam Hammond. With 68 Woodcuts . 1/6 
" The young hricklayer will find it infinitely valuable to \i\mr— Glasgow Herald, 

191. PLUMBING : A Text-Book to the Practice of the Art or 
Craft of the Plumber. With Chapters upon Ilcuse Drainage and Ventilation. 
By Wm. Paton Buchan, R. P., Sanitary Engineer. Fifth Edition, revised and 

enlarged, with 380 Illustrations • 3/^! 

"A text>book which may be safely put into the hands of every young plumber, and which will al^o 
be found useful by architects and medical professors." — Builder. 

,93. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

AND BUILDER'S STANDARD GUIDE, By R. E. Grandy . . a/o 
" Everythinjs it pretends to be : built up gradually, it leads one from a forest to a treenail, and throws 
in, as a makeweight, a host of material concerning bricks, columns, cisterns, Slc.**— English Mechanic, 

ao6. A BOOK ON BUILDING, Civil and Ecclesiastical. By Sir 
Edmund Beckett, Bart, LL.D., Q.C.. F.R.A.S., Author of "Clocks and 

Watches and Belh," &c. Second Edition, enlarged 4/6^. 

"A book which is always amusing and nearly always instructive." — Times, 

226. THE JOINTS MADE AND USED BY BUILDERS, 

By Wyvill f . Christy, Architect. With 160 Woodcuts 3/0! 

"The work is deserving of high commendation." — Builder. 

a28. THE CONSTRUCTION OF ROOFS, OF WOOD AND 
IRON: Deduced chiefly from the Works of Robison. Tredgold, and Humber, 
By E. Wyndham Tarn, M.A., Architect. Second Edition, revised . . 1/6 
" Mr. Tarn is so thoroug[hly master of his subject, that although the treatise is founded on the works 
of others, he has given it a distmct value of his own. It will be found valuable by all tx,\x6&x\s.**^Builder, 

229. ELEMENTARY DECORATION: As applieu to DweHing 

Houses. &c. By James W. Facey. Illustrated 2/0 

'* The principles which ought to guide the decoration of dwelling-houses are clearly set forth, and 
elucidated by examples ; while full instructions are given to the learner.** — Scotsman. 

257. PRACTICAL HOUSE DECORATION. A Guide to the 

Art of Ornamental Painting, the Arrangement of Colours in Apartments, and 
the Principles of Decorative Design. By James W. Facey . .2/6 

*,* Nos. 229 and 257 in One handsome Vol. . half-bound, entitled " HocsE Decora- 
tion, Elementary and Practical, "/r/«sj. 

230. A PRACTICAL TREATISE ON HANDRAILING; 

Showing New and Simple Methods By Geo. Collings. Second Edition, 
Revised, including a TREATISE ON STAIRBUILDING. With Plates . 2/6 
" Will be found of practical utility in the execution of this difficult branch of joinery."— ^wi/r£fr. 

247. BUILDING ESTATES: A Treatise on the Development, 

Sile, Purchase and Management of Building Land. By F. Maitland. 

Second Edition, revised a/p 

"This book should undoubtedly be added to the library of every professional man dealing with 
building X^s^d.'*— Land Agent's Record, 

^^, PORTLAND CEMENT FOR USERS. By Henry Faija, 

A.M. Inst. C.E. Third Edition, Corrected . a/o 

"Supplies in a small compass all that is necessary to be knowrn by users of cement." — Building News 

25a. BRICKWORK: A Practical Treatise, embodying the General 

and Higher Principles of Bricklavin?, Cutting and Setting ; with the Applica- 
tion of Geometry to Roof Tiling, *c. By F. Walker 1/6 

" Contains all tbat a young tradesman or student needs to learn from hooVs."— Building News, 

259. GAS FITTING : A Practical Handbook. By John Black. 

With 121 Illustrations _• 2/6^ 

"Contains all the requisite inform ition for the successful fittinz of houses for a f^as service, &c. 
It is written in a simple piactical style, and we heartily recommend it. * — Plumber and Decorator. 

2S3 THE TIMBER MERCHANT'S, SA W MILLER 'S, AND 
IMPORTER 'S FREIGHT BOOK AND ASSISTANT. By William 
Richardson, with additions by M. Powis Bale. M.I. M.E.,&c. .^ . . 3'o* 

"A compendium of calculaiions which supplier a real want in the trade.*' — building News. 

U'i' The X indicatfs that the.e v 's. m.iy be h.iJ s/f ..;;.'}' t \inJ at ed. e.iira. 
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as. [THE PRACTICAL BRICK AND TILE BOOK, Com- 
aw Kl"J;' ^*'CK AND Tile Making, by E. Dobson. A.I.C.E.; Practical 
352. liRiCKLAYiNG, by A. HAMMOND ; Brickwork, by F. Walker. 550 pp. 
V.J?2J?,*7oIllustmtions. strongly half-bound ..... . . 6/0 

253. CIRCULAR WORK IN CARPENTR Y AND JOINER K 

A Practical Treatise on Circular Work of Single and Double Curvature. By 

" PK ^?°*9E CoLLiNGS. Second Edition 26 

t-fteap tn pnce. clear in definition, and practical in the examples se!eclcd."--2?«/A/rr.* ' ' 

261. SHORING, and Its Application : A Handbook for the Use of 

" w. ^*^^^°^i u?y George H. Blagrove. With 31 Illustrations . . .1/6 
we recommend this valuable treatise to all students."— Z?<<iV</«r^ News, 

265. THE ART OF PRACTICAL BRICK CUTTING AND 

•'Th«;»5il^u^^- By Adam Hammond. With 90 Engravings. [Justpublhhid. 1I6 

DracticJ and.«ohotL f'*'^^''"^J*^if*''^ **»« method* are thoroughly 

prwiicai^nd such as can be understood by the working brick-cutter.' '—Building Neu s, 

267. THE SCIENCE OF BUILDING: An Elementary Trea- 

tise on the Pnnciplesof Construction. Adapted to the Requirements of 
Arehitectural Students. By E. Wyndham Tarn, M.A. Lond. Third 
rr J^t ®^*^®^ *"^^ ®°^^^®*^ [y^^ Published. 3/ :l 

271. VENTILATION: A Text Book to the Practice of the Art of 
Ventilating Buildings, with a Supplementary Chapter upon Air Testing. 
By WILLIAM Paton Buchan, R. p., Sanitary and Ventilating Engineer, 
Author of " Plumbing," &c. With 170 I llustrations (justfublukcd, 3/6J 

xr^r,. SHIPBUILDING, NAVIGATION, etc. 
5r. NAVAL ARCHITECTURE: An Exposition of the Elemen- 

tary Principles. By James Peake, H.M. Dockyard. Portsmouth . . s/ej 
53.. SHIPS FOR OCEAN AND RIVER SEE VICE, Elementary 

and Practical Principles of the Construction of. By H akon A. Sommerfeldt. 1/6 
%3^.AN ATLAS OF ENGRAVINGS to Illustrate the above. 

Twelve large folding Plates. Royal 4to, cloth 7/6 

54. MASTING, MAST-MAKING, AND RIGGING OF 

i^^^^'o, ^^° Tables of Spars. Rigging, Blocks ; Chain, Wire, and Hemp 
Kopes, &c., relative to every class of vessels. By Robert Kipping. N.A. 2/0 
54». IRON SHIP-BUILDING. With Practical Examples and 

Details. By John Grantham. Fifth Edition 4/0 

55. ^^^ SAILOR'S SEA BOOK: A Rudimentary Treatise on 

Navigation. By James Greenwood, B.A. With numerous Woodcuts 
^ and Coloured Plates. New and enlarged Editiqn. By W. H. Rosser . 2/6t 
Is perhaps the best and simplest epitome of navigation ever compi\td.—Fie/d, 

55 PR A CTICAL NA VIGA TION. Consisting of The Sailor's 

ik Sea-Book, by James Greenwood and W. H. Rosser ; together with 

204. Mathematical and Nautical Tables for the Working of the Problems, by 

« A ^^^^^ Law, C.E. , and Prof. J. R. Young. Half-bound in leather . . 7/0 
-^11 u ^ ■ *^**"SJ °^ information is contained in this volume, and we fancy in a very short time that it 
will be seen "» the library of almost every ship or yacht afloat."— //««/** Yachting Magazine, 

80. MARINE ENGINES AND STEAM VESSELS, By 
R. Murray, C.E. Eighth EdiUon, thoroughly Revised, with Additions by 
« A • J-* A^^nor and by George Carlisle, C.E 4/6J 

An indispensable manual for the student of marine engineering."— Z«»r»/«>/ Mertury, 

B3fiis. THE FORMS OF SHIPS AND BOATS, By W. Bland. 

Seventh Edition, revised, with numerous Illustrations and Models . . .1/6 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in 
u A '^^^^, and Practice. By Prof. J. R. Young. New Edition. Illustrated . 2/6 
A very complete, thorough, and useful manual for the young nwigaLtor.*'— Observatory. 

106. SHIPS' ANCHORS, a Treatise on. By George Cotsell. im 
149. SAILS AND SAIL-MAKING, With Draughting, and the 

Centre of Effort of the Sails. Also, Weights and Sizes of Ropes ; Masting, 
R»gg»ng, and Sails of Steam Vessels, &c. By Robert Kipping, N.A. . 2/6J 

155. THE ENGINEER'S GUIDE TO THE ROYAL AND 
^^^^1^S^'^^ ^^ ^^^S' By a Practical Engineer. Revised by 

, D. F. M 'Carthy. late of the Ordnance Survey Office, Southampton 3/0 

•3" Th€ \ indicates that these vols, may be had strongly bound at 6d, extra. 
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AGRICULTURE, GARDENING, etc. 
6i*. A COMPLETE READY RECKONER FOR THE AD- 

MEASUREMENT OF LAND, 6t. By A. Arman. Third Edition, 
revised and extended by C. Norrts, Surveyor, Valuer, &c. . . . ' . a/o 

" A very useful book to all who have land to measure."— ^f<«r>fe Lant Express. 

** Should be in the hands of all persons having any connection with land." — Irish Farm. 

131. MILLER' Sy CORN MERCHANT'S, AND FARMER'S 

READY RECKONER. Second Edition, revised, with a Price List of 

Modern Flour Mill Machinery, by W. S. Hutton, C.E 2/0 

*' Will prove an indispensable vade n-ecum. Nothing has been spared to make the book complete and 
perfectly adapted to iu special purpose.' —Miller. 

140. SOILS, MANURES, AND CROPS, (Vol. I. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts 2/0 

141. FARMING AND FARMING ECONOMY, Historical and 

Practical. (Vol, IL Outlines of Modern Farming.) By R. Scott Burn. 3/0 

" Eminently calculated to enlighten the agricultural community on the varied subjects of which it 
treats ; hence it should find a place in every farmer's library."— Ci/^ Press, 

143. STOCK; CATTLE, SHEEP, AND HORSES, (Vol. III. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. . 2/6 

"The author's grasp of his subject is thorough, and his grouping of facts effective. . . . Wecom« 
mend this excellent xxta^va/t^ ^Weekly Dispatch, 

145. DAIRY, PIGS, AND POULTRY. (Vol. IV. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts . . . .2/0 
" We can testify to the clearness and intelligibility of the matter, v/hich has been compiled from the 
best authorities."— Ziy«u^<tyff Review, 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND, (Vol. V. Outlines of Modern 

Farming.) By R. Scott Burn. Woodcuts 2/6 

** A work containing valuable information, which will recommend itself to all interested in modem 
arming.'*— /*r/tf. 

\f,:] OUTLINES OF MODERN FARMING. By R. Scott 

14a. - Burn, Author of "Landed Estates Management," "Farm Management," 
,^e. and Editor of "The Complete Grazier." Consisting of the above Five 
146! ) Volumes in One, 1,250 pp., profusely Illustrated, half-bound .... 12/0 

"The aim of the author has been to make his work at once comprehensive and trustworthy, and in 
this aim he has succeeded to a degree which entitles him to much credit."—J/tfrwiir^ Advertiser. 

** Should find a place in every fanner's library." — City Press. 

'* No £urmer should be without it."— ^oM^r^ Guardian. 

177. FRUIT TREES, The Scientific and Profitable Culture of. 
From the French of M. Du Breuil. Fourth Edition, carefully Revised by 

George Glenn y. With 187 Woodcuts 3/6t 

" The book teaches how to prune and train fruit trees to perfection."— /^iVA/. 

198. SHEEP: The History, Structure, Economy, and Diseases of. 
By W.'C. Spooner, M.R.V.C, &c. Fifth Edition, with fine Engravings, 

including Specimens of New and Improved Breeds. 366 pp 3/6^ 

'* The book is decidedly the best of the kind in our language."— .S'rtf/jmoff. 

201. KITCHEN GARDENING MADE EASY Showing the 
best means of Cultivating every known Vegetable and Herb, &c., with direc- 
tions for management all thi year round. By Geo. M. F. Glenny. Illustrated 1/6 J 
This book will be found trustworthy and use(u\.**—N(frth British Agricuiturist. 

207. OUTLINES OF FARM MANAGEMENT. Treating of 
the General Work of the Farm ; Stock ; Contract Work ; Labour, &c. By 
R. Scott Burn, Author of •• Outlines of Modern Farming," &c. . . . a/6J 
" The book is eminently practical, and may be studied with advantage by beginners in agricultort, 
while it contains hints which wul be useful to old and successful farmers." — Scotsman, 

ao8. OUTLINES OF LANDED ESTATES MANAGEMENT: 
Treating of the Varieties of Lands, Methods of Farming, the Setting-out of 
Farms, &c. ; Roads, Fences, Gates, Irrigation, Drainage, &c. By R. S. Burn. 2/6t 
*'A complete and comprehensive outline of the duties appertaining to the management of landed 
esutes."— 7tf«r«a/ ^ Forestry, 

*^* Nas. 207 6* 308 f« Ofie Vol., handsomely half-bound, entitled " OUTLINES OF LANDED 
Estates and Farm Management." By Robert Scott Burn. Price 6s, 

I3<r TAe % indicates that these vols, may be had strongly bound at 6d. extra. 
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Agriculture, Gardening, etc., continued, 

209. THE TREE PLANTER AND PLANT PROPAGATOR : 

With numerous Illustrations of Grafting, Layering, Budding, Implements, 
Houses, Pits, &c. By S. Wood, Author of "Good Gardening," Ac. . . 2/0 

" Sound in its teaching and very comprehensive in its aim. It is a good book."— C^nf^JMrr' MagnztH*. 

"The instructions are thoroughly practical and comet."— NortA British Axriculiutist. 

210. THE TREE PRUNE R: Being a Practical Manual on the 

Pruning of Fruit Trees, including also their Training and Renovation, also 
treating of the Pruning of Shrubs, Climbers and Flowering Plants. With 
numerous Illustrations. By Samuel Wood, Author of ** Good Gardening," Ac. 1/6 

" A useful book, written by one who has had trreat experience."— ^or/ir Lane Express. 

" We recommend this treatise very highly."— JVbr/A British Agriculturis*. 

•,• Nos. ao9 6» 210 in One Vol,, handsomely half-bound, entitled "The Treb 
Planter, Propagator and Pruner." By Samuel Wood. Price y. 6d, 

318. THE HAY AND STRAW MEASURER: New Tables 

for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers &c., 
forming a complete Calculator and Ready Reckoner. By John Steele . 2/0 
" A most useful handbook. It should be in every professional office where agricultural valuations are 
conducted.'* — Land Agent's Record, 

222. SUBURBAN FARMING : A Treatise on the Laying-out and 

Cultivation of Farms, adapted to the Produce of Milk. Butter and Cheese. Eggs, 
Poultry, and Pigs. By the late Prof. John Donaldson. With Additions, 
illustrating Modem Practice, by R. Scott Burn. With numerous Illustrations 3/6 J 
•* An admirable treatise on all matters connected with dairy farms.'*— Z,/»^ Stoch youmal. 

231. THE ART OF GRAFTING AND BUDDING, By 

Charles Baltet. With Illustrations 2/6 1 

" The one standard work on this subject." — Scotsman, 

333. COTTAGE GARDENING; or, Flowers, Fruits, and Vege- 
tables for Small Gardens. By £. Hobday x/6 

" Definite instructions as to the cultivation of small gardens.'*— ^<rtf/«/«Mff. 
" Contains much useful information at a small charge." — Glasgow Herald, 

333. GARDEN RECEIPTS Edited by Charles W. Quin. 1/6 

"A singularly complete collection of the principal receipts needed by gardeners."— /^<ir/«^r. 
"A useful and handy book, containing a good deal of valuable information."— ^MrM<F«rm. 

334. MARKET AND KITCHEN GARDENING, By C. W. 

Shaw, late Editor of "Gardening Illustrated" 3/0J 

" The most valuable compendium of kitchen and market-garden work published.** — Farmer, 
" A most comprehensive volume on market and kitchen-burdening." — Mark Lane Express, 

339. DRAINING AND EMBANKING, A Practical Treatise. 

By John Scott, late Professor of Agriculture and Rural Economy at the 
Royal Agricultural College, Cirencester. With 68 Illustrations . . . .1/6 

" A valuable handbook to the engineer, as well as to the surveyor." — Land. 

" This volume should be perused by all interested in this important branch of estate improvement." 
'-Land Agenfs Record, 

340. IRRIGATION AND WATER SUPPLY: A Practical Trea- 

tise on Water Meadows, Sewage Irrigation, Warping, &c. ; on the Construc- 
tion of Wells, Ponds and Reservoirs, &c. By Prof. J. ScOTT. With 34 lUusts. 1/6 

•• A valuable and indispensable book for the estate manager and ovmcr.**— Forestry. 

'* Well worth the study of all farmers and landed proprittors.**— Building News. 

341. FARM ROADS, FENCES, AND GATES: A Practical 

Treatise on the Roads, Tramways, and Waterways of the Farm ; the Prin- 
ciples of Endostires ; and the different kinds of Fences, Gates, and Stiles. 
By Professor John Scott. With 75 Illustrations 1/6 

•* Mr. Scott's treatise will be welcomed as a concisely compiled haindhoo\c,**—B uilditig lietvs. 

** A useful practical work, which should be in the hands of every farmer." — Farmer, 

34a. FARM BUILDINGS, A Practical Treatise on the Buildings 

necessary for various kinds of Farms, their Arrangement and Construction, 
with Plans and Estimates. By Prof. John Scott. With 105 Illustrations . a/6 

** No one who is called upon to design farm-buildings can afford to be without this vmrk..**— Builder. 

'*l*his book ought to be in the hands of every landowner and agent."— AV/w Chronicle. 

243. BARN IMPLEMENTS AND MACHINES. Treating of 

the Application of Power to the Operations of Agriculture; and of the 
various Machines used in the Threshing-barn, in the Stock-yard, Dairy, &c. 
By Professor JOHN ScoTT. With 123 Illusirations 2/0 

**" The * indicates that these vols, may be had strongly hound at 6d extra. 
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Agriculture, Gardening, etc., continued. 

244. FIELD IMPLEMENTS AND MACHINES: With Prin- 
ciples and Details of Construction and Points of Excellence, their Manage- 
ment»&c. By Prof. John Scott. With 138 Illustrations . . . a/o 

345. AGRICULTURAL SURVEYING: A Treatise on Land 
Surveying, Levelling, and Setting-out ; with Directions for Valuing and Re- 
porting on Fanns and Estates. By Prof. J. Scott. With 6a Illustrations 1/6 

^17^) FARM ENGINEERING : By Professor John Scott. Com- 

^ f prising the above Seven Volumes in One, x, 150 pages, and over 600 Illustrations. 

245.) Half.bound la/o 

* A copy of this work should he treasured up in every library where the owner thereof is in any way 
connected with land."-/^.«nw /WW/ /^iww. 

asa MEAT PRODUCTION: A Manual for Producers, Distribu- 
^^ tors, and Consumers of Butchers' Meat By John Ewart. . . .3/6 

A compact and handv volume on the meat question."— ^/<a/ nnd FYovUUh Tnutts* Revittu. 

a65. BOOK-KEEPING FOR FARMERS AND ESTATE 
OWNERS, A Practical Treatise, presenting, in Three Plans, a System 
adapted for all classes of Farms. By J. M. Woodman, Chattered Accountant. 

Second Edition, revised 3/6 

*0* The abovt in tlotk boards, strongly bound, 31, 6d, 
J* Will ba found of great assistance by those who intend to commence a system of book-keeping, tie 
author t examples being clear end explicit, and his explanations full and accurate. "~Zive Stock youtnaL 

MATHEMATICS, ARITHMETIC, etc- 

33. MATHEMATICAL INSTRUMENTS, a Treatise on ; Their 

Construction, Adjustment, Testing, and Use concisely Explained. By J. F. 

Heather, M.A., of the Royal Military Academy, Woolwich. Fourteenth 

Edition, Revised, with Additions, by A. T. Walmisley, M.I.C.E., Fellow of 

the Surveyors' InstituUon. Original Edition, in i vol., Illustrated . . . a/ot 

%• In ordtring tht above, he careful to say ** Original Edition," or give the number in 

the Series (3a), to distinguish it from the Enlarged Edition in 3 vols. (Nos.it^-^-^oJ. 

76. DESCRIPTIVE GEOMETRY, zxi Elementary Treatise on; 
with a Theory ofShadows and of Perspective, extracted from the French of 
G. MONGE. To which is added a Description of the Principles and Practice 
of Isometrical Projection. By J. F. Heather, M .A. With 14 Plates . a/o 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With ai5 Woodcuts . a/o 
"The author is well-known as an experienced professor, and the volume contains as complete a 

collection of problems as is likely to be required in ordinary przcticc."— Architect, 

83. COMMERCIAL BOOK-KEEPING. With Commercial 

Phrases and Forms in English, French, Italian, and German. By James 
Haddon, M.A., formerly Mathematical Master, King's College School . 1/6 

84, ARITHMETIC, sl Rudimentary Treatise on : with full Expla- 



nations of its Theoretical Principles, and numerous Examples for Practice. 
For the Use of Schools and for Self-Instruction. By J. R. Young, late 
Professor of Mathematics in Belfast College. Eleventh Emtion . . . x/6 

B4\A KEY TO THE ABOVE. By ]. R. Young . . .1/6 

85. EQUATIONAL ARITHMETIC, applied to Questions of 

Interest, Annuities, Life Assurance, and General Commerce ; with various 
Tables by which all Calculations may be greatly facilitated. By W. Hipslet. a/o 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

formerly Mathematical Master of King's College School. With Appendix, 
containing Miscellaneous Investigations, and a collection of Problems . a/o 

zt*.A KEY AND COMPANION TO THE ABOVE. An 

extensive repository of Solved Examples and Problems in Illustration of: he 
various Expedients necessary in Algebraical Operations. By J. R. Young 

88, EUCLID, The Elements of: with many Additional Proposi- 
& tions and Explanatory Notes ; to which is prefixed an Introductory Essay on 

89. Logic. By Henrt Law, C.E a/6 J 

%* Sold also separately, viz, : — 

88. Euclid, The First Three Books. By Henry Law, C.E 1/6 

89. Euclid, Books 4, 5, 6, ir, la. B y Henry Law, C.E. . . 1 /6 

The I indicates that these vols, may be had strongly bound at 6d. extra 
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Mathematics, Arithmetic, etc., continued. 

90. ANALYTICAL GEOMETRY AND CONIC SEC- 

TYOA^i', a Rudimentary Treatise on. By James H ANN. A New Edition, 
re-written and enlarged by Professor J. R.Young a/oj 

'* The author's style is exceedingly clear and simple, and the book is well adapted for the beginner 
and those who may be obliged to have recourse to self-tuition.'*— J^n^iW/r. 

9,. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London . . x/6 

93. SPHERICAL TRIGONOMETRY, the Elements of. By 

James Hann. Revised by Charles H. Dowling, C.E x/o 

•«* Or with " The Elements of Plane Trigonometry,'* in One Volume, as. 6d. 

93. MENSURATION AND MEASURING, for Students and 
Practical Use. With the Mensuration and Levelling of Land for the purposes 
of Modem Engineering. By T. Baker, C.E. New Ed. by E. Nugent, C.E. x/6 

,01. DIFFERENTIAL CALCULUS^'EAtmtnXsoitY.Q. ByW.S.B. 

Woolhouse, F.R.A.S., &c '. ... x/6 

I03. INTEGRAL CALCULUS. By Homersham Cox, B.A. . i/o 

136. ARITHMETIC, Rudimentary, for the Use of Schools andSelf- 

Instruction. By James H addon, M. A. Revised by Abraham Arman . x/6 

X37. A KEY TO THE ABOVE. By A. Arman .... x;6 

,68. DRA WING AND MEASURING INSTRUMENTS. In- 
cluding— L Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans, 
n. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A x/6 

" Valuable and instructive to all whose occupations require exceptional accuracy in measurements.** 
^Jeweller and Metal Worker, 

X69. OPTICAL INSTRUMENTS. Including (more especiaUy) 
Telescopes, Microscopes, and Apparatus for producing copies of Maps and 
Plans by Photography. By J. F. Heather, M.A. Illustrated . . .x/6 
** An excellent treatise."— ^rrVwA Journal of Photography , 

,70. SURVEYING 6- ASTRONOMICAL INSTRUMENTS. 

Including— I. Instruments used for Determining the Geometrical Features of 
a portion of Ground. II. Instruments employed in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated x/6 

" A good, sensible, useful book."— .ScA^^/ Board Chronicle. 
\* The above three volumes form an enlargement of the Authors original work, 
• ' Mathematical Instruments " : price aj. (See No, 32 in the Series, ) 

\ MATHEMATICAL INSTRUMENTS: Their Construction, 
x68. Adjustment, Testing and Use. Comprising Drawing, Measuring, Optical, 

169. - Surveying, and Astronomical Instruments. By J. F. Heather, M.A. 

170. Enlarged Edition, for the most part entirely re-written. The Three Parts 

as above, in One thick Volume 4/6^ 

'* An exhaustive treatise, belonging to the well-known Weale's Series. Mr. Heather's experience 
well qualifies him for the task he has so ably fulfilled.'' — Engineering and Building Times. 

X58. THE SLIDE RULE, AND HOW TO USE IT. Con- 
taining full, easy, and simple Instructions to perform all Business Calculations 
with unexampled rapidity and accuracy. By Charles Hoare, C.E. With 
a Slide Rule, in tuck of cover. Fifth Edition 2/6^ 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and Uses for Mer- 
cantile and State Purposes. By Fedor Thoman, of the Socidt6 Credit 
Mobilier, Paris. Third Edition, carefully revised and corrected . . . 4/0J 

" A very powerful work, and the author has a very remarkable command of his subject.** — Profc 
A de Morgan. *' We recommend it to the notice of actuaries and accountants.*— ^Mn«raM. 

1^ The \ indicates that these vols, may be had strongly bound at 6d, txtru. 
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Mathematics, Arithmetic, etc., contintuit 

199. THE COMPENDIOUS CALCULATOR (Iniuitive Calcu- 
latioMs); or, Easy and Concise Methods of Performing the various Arith- 
metical Operations required in Commercial and Business Transactions ; 
together with Useful Tables, &c. By Daniel O'Gorman. Twenty-seventh 

Edition, carefully revised by C. NoRRis 3/6 

*«* The above strongly half -hounds price y, 6d. 
" It would be difficult to exagserate the usefulness of this book to everyone en^iged in commerce 
om^ufiicturing industry. It is crammed full with rules and formulae for shortening and employing 
ralc ul a ti ong in money, weights and measures, &c. of every sort and description."— A'tv^wAri^e. 

004. MATHEMATICAL TABLES, for Trigonometrical, Astro- 
nomical, and Nantical Calculations ; to which is prefixed a Treatise on 
Logarithms. By H. Law, C.E. Together with a Series of Tables for Navi- 
gation and Nantical Astronomy. By Professor T R. Young. New Edition 4/0 

ao4.* LOGARITHMS. With Mathematical Tables for Trigonome- 
trical, Astronom cal, and Nautical Calculations. By Henry Law. C.E. 
Revised Edition. (Forming part of the above work.) 3/0 

aai. MEASURES, WEIGHTS, AND MONEYS OB ALL 

NATIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., F.S.S. Sixth Edition, 9/o| 
'* A work necessary for every mercantile office." — Building Trades JoumaL 

M7. A TREATISE ON MATHEMATICS, as applied to the 

Constructive Arts. By FftANCis Campin, C.E., ftc Second Edition . . 3/0^ 
" Should be in the hands of everyone connected with building construction —BuiUet't Weekly 
Reperier^ 

PHYSICAL SCIENCE, NATURAL PHILOSOPHY, etc. 

1. C^J^Ji/ZS'TT^Fjfor the Use of Beginners. By Prof. Geo. Fownes, 

F.R.S. With an Appendix on the Application of Chemistry to Agriculture, i/o 

a. NATURAL PHILOSOPHY, for the Use of Beginners. 

By Charles Tomlinson, F.R.S 1/6 

6. MECHANICS: Being a concise Exposition of the General 

Principles of Mechanical Science, and their Applications. By Charles 
TOMLINSON, F.R.S 1/6 

7. ELECTRICITY; showing the General Principles of Electri- 

cal Science, and the Purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With considerable Additions by R.Sabine, C.E., F.S.A. 1/6 

7*. GALVANISM. By Sir W. Snow Harris. New Edition, 

revised, with considerable Additions, by Robert Sabine, C.E. . . . z/6 

8. MAGNETISM. By Sir W. Snow Harris. New Edition, 

revised and enlarged by H. M. Noad, Ph.D. With 165 Woodcuts . . 3/6J 
*' The best popular exposition of magnetism, its intricate relations and complicating eflfects, with 
which we are acquainted.**— -^^-Atftf/ Board Chronicle. 

11. THE ELECTRIC TELEGRAPH: its History and Progress ; 

with Descriptions of some of the Apparatus. By R. Sabine, C.E.. F.S.A.,&c. 3/0 
" Essentially a practical and instructive work.'*— Z>a</^ Telegraph, 

12, PNEUMATICS, including Acoustics and the Phenomena of 

Wind Currents, for the Use of Beginners. By Charles Tomlinson, F.R.S. 
Fourth Edition, enlarged. Illustrated 1/6 

72. MANUAL OF THE MOLLUSC A: A Treatise on Recent 
and Fossil Shells. By Dr. S. P.Woodward, A.L.S. With Appendix by 
Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 Woodcuts, 
doth gilt 7/6 

" A storehouse of coochological and geological information." — Hardivick€*s Science Gossip. 

" An important work, with such additions as complete it to the present limt.**— Land and Water. 

96. ASTRONOMY. By the late Rev. Robert Main, M. A., F.R.S., 

formerly Radcliffe Observer at Oxford. Third Edition, revised and corrected 
to the Present Time, by William Thynnb Lynn, B.A., F.R.A.S. . . 2/0 
"A sound and simple treatise, very carefully edited, and a capital book for ht^nntn.**— Knowledge, 

97. STATICS AND DYNAMICS, the Principles and Practice of ; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. Fourth Edition r'6 

I3sr' The \ indicates that these vols, may be had strongly bound at 6d. extra. 
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Physical Science, Natural Philosophy, etc., continued, 
,38. TELEGRAPH, HANDBOOK OF THE: A Guide to 

Candidates for Employment in the Telegraph Service. By R. Bond. Fourth 
Edition 3/0^ 

X73. PHYSICAL (;i?OZ06^y;partlybasedonMajor-GeneralPoRT. 

LOCKS "Rudiments of Geology." By Ralph Tate, A.L.S., &c. Woodcuts. 2/0 

174. HISTORICAL GEOLOGY, partly based on Major-General 

PORTLOCK's •• Rudiments." By RalphTate, A.L.S.,&c Woodcuts. .a/6 

173. GEOLOGY, Physical and Historical. Consisting of 

& '* Physical Geolofi^y." which sets forth the Leading Principles of the Science ; 

174. and " Historical Geology," which treats of the Mineral and Or^nic Conditions 
of the Earth at each successhre epoch. By Ralph Tatb, F.G.S., &c., ftc. 
With 250 Illustrations 4/6{ 

" The fulness of the matter has elevated tbe book into a manual. Its information is ezhaostive and 
well arranged, so that any subject may be opened upon at onct,**—Sckool Board CkreniQU* 

183. ANIMAL PHYSICS, Handbook of. By Dionysius Lard- 

184. NER, D.C.L. With 520 Illustrations. In One Vol. (732 pages), cloth boards. 7/6 

*,* Sold alio in Two Parts^ as follows: — 

183. Animal Physics. By Dr. Lardner. Part I., Chapters I.-VI I. . .4/0 

184. Animal Physics. By Dr. Lardner. Part IL, ChaptersVIII.-XVIII. .3/0 
'* This book contains a g^reat dead more than an introduction to human anatomy. In it will be found 

the elements of comparative anatomy, a complete treatise on the functions of the body, and a descriptioo 
of the phenomena of birth, growth, and dtcaj^'-^Edncaihmal Timts, 

269. LIGHT: An Introduction to the Science of Optics. Designed 
for the Use of Students -of Architecture, Engineering, and other Applied 
Sciences. By E. Wyndham Tarn, M.A., Author of "The Science of 
Building," ftc {Just piMUhed. 1/6 

FINE ARTS, etc. 
20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 

Students and Amateurs in Architecture, Painting, &c. By George Pyne. a/o 

40. GLASS STAINING, AND THE ART OF PAINTING 
ON GLASS, From the German of Dr. Gessert and Emanuel Otto 
Fromberg. With an Appendix on The Art of Enamelling. . . 9/6 

69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer a/6 

** Mr. Spencer has marshalled his information with much skill, and yet with a simplicity that must 
recommend his works to all who wish to thoroughly understand mnnc.''-^lVeekfy Times. 

71. PIANOFORTE, The Art of Playing the. With numerous 

Exercises and Lessons. By Charles Child Spencer . . . .1/6 
" A sound and excellent work, written with spirit, and calculated to inspire the pupil with a desire to 
aim at high accomplishment in the art.*' — School Board ChronkU. 

69,71. MUSIC, AND THE PIANOFORTE, One Vol Halfbound. s/o 

,81. PAINTING POPULARLY EXPLAINED. By Thomas 

ioHN GuLLiCK, Painter, and John Times, F.S.A. Including Fresco, Oil, 
losaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature, Painting 
on Ivory, Vellum, Pottery, Enamel. Glass, &c. Fifth Edition . . . 5/0$ 
•»• Adopted as a Prize book at South Kensington, 
" Much may be leamed» even by those who fancy they do not require to be taught, from the careful 
perusal of this unpretending but comprehensive treaUse." — Art Journal, 

186. A GRAMMAR OF COLOURING. Applied to Decorative 

Painting and the Arts. By George Field. New Edition, xeiised and 
enlarged by Ellis A. Davidson. With Coloured Plates .... 3/0$ 

"The book is a most useful resnmiot the properties of pigments.**— ^mA/ifr. 

**One of the most useful of students' books."— yfrrAi/^r/. 

246 A DICTIONARY OF PAINTERS, AND HANDBOOK 
FOR PICTURE AMA TEURS; being a Guide for Visitors to Public and 
Private Picture Galleries, and for Art-Students, including Glossary of Terms, 
Sketch of Principal Schools of Painting. &c. By Philippe Daryl, B.A. . 2'6J 
*' Considering its small compass, really admirable. We cordially recommend the htxik.^— Builder, 
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INDUSTRIAL AND USEFUL ARTS. 

33. BRICKS AND TILES, Rudimentary Treatise on the 
Manufacture of; containing an Outline of the Principles of Drickmaking. 
By E. DOBSON, M.R.I.B.A. Additions by C. Tomlinson, F.R.S. Iliust. q/oJ 
" The best handbook on the subject. We can safely recommend it as a good investment.**— ^»i74r<rr. 

Sj. CLOCKS AND WATCHES, AND BELLS, a Rudimentary 

Treatise on. By Sir Edmund Beckett, Bart. Q.C. Seventh Edition. .4/6 
•»* The above handsomely bound, cloth boards, 5J. 6<f. 
"The best work on the subject probably extant. The treatise on bells is undoubtedly the best in 
the \xa.goai%^:^— Engineering. *'The only modem treatise on clock-making.*'— /^<?»v^c«/ JoumaL 

83«» CONSTRUCTION OF DOOR LOCKS. From the Papers 
of A. C. HoBBS. Edited by Charles Tomlinson, F.R.S. With a Note 
upon Iron Safes by Robert Mallet. Illustrated a/6 

162. THE BRASS FOUNDER'S MANUAL: Instructions for 

Modelling, Pattern Making, Moulding, Turning, &c. By W. Graham. . a/o^ 

205. THE ART OF LETTER FAINTING MADE EASY. 

BylAUES Greig Badenoch. With 12 full-page Engravings of Examples . 1/6 
" Any intelligent lad who fails to turn out decent work after studying this system, has mistaken his 
Tocation/'— yr«^/MA Mechanic, 

215. THE GOLDSMITH'S HANDBOOK, containing full In- 
structions in the Art of Alloyingi Melting, Reducing, Colouring, Collecting and 
Refining. The processes of Manipulation, Recovery of Waste, Chemical and 
Physical Properties of Gold ; Solders, Enamels and other useful Rules and 
Recipes, &c. By George E. Gee. Third Edition, considerably enlarged . 3/0 1 
"A good, sound, technical eA\xc^ioT"—HorvlogicaiyoumaL 
"A sundard book, which few will care to be withouL^—yeweller and Metalworker. 

32S. THE SILVERSMIIH'S HANDBOOK, on the same plan 

as the above. By George E. Gee. Second Edition, Revised . . . 3/ot 
"A valuable sequel to the author's * Practical Gold worker, '"-^«7wf»i«i«'M** Trade youmal, 
"As a guide to workmen it will prove a good technical educator.'* — Glasgow Herald, 
•*• The two preceding Works, in One handsome Vol., half -bound, entitled " The 
Goldsmith's and Silversmith's Complete Handbook," yj. 

249. THE HALL-MARKING OF JEWELLERY. Compris- 
ing an account of all the different Assay Towns of the United Kingdom ; with 
the Stamps at present employed ; also (he Laws relating to the Standards and 
Hall-Marks at the various Assay Offices. By George £. Geb . . . 3/0$ 

"Deals thoroughly with its subject from a manufacturer*sand dealer's point of view.**— •T^'wrAW-. 

** A valuable and trustworihy guide.'* — English Mechanic. 

224. COACH-BUILDING : A Practical Treatise, Historical and 

Descriptive. By James W. Borgess. With 57 Illustrations • . . . 2/6{ 
"This handbook will supply a long-felt want, not only to manufacturers themselves, but more 
particularly apprentices aod others whose occupations may be in any way connected with the trade of 
coach-building."— -£i#«>^rt« Mail. 

835. FRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M.A., Precentor of Ely Cathedral. Second Edition, Revised, with Additions. 2/6^ 
"The amateur builder will find m this book all that is necessary to enable him personally to con- 
struct a perfect organ with his own hands. "—^<ra<//m^. 

" 1 he best work on the subject that has yet appeared in book {orm,**^English Mechanic. 

a6a. THE ART OF BOOT AND SHOEMAKING, including 

Measurement, Last-fitting, Cutting-out, Closing and Making ; with a Descrip- 
tion of the most Approved Machinery fmpioyed. By John Bedford Leno, 
late Editor of ' ' St. Crispin " and ' ' The Boot and Shoemaker. " With numerous 

Illustrations. Third Edition a/o) 

"This excellent treatise is by far the best work ever written on the subject. The chapter on clicking. 

which shows how waste may be prevented, will save fifty times the price of the book."— kS^^/ZM Lea/her 

Trader. 

263. MECHANICAL DENTISTR Y: A Practical Treatise on the 
Construction of the Various Kinds of Artificial Dentures, comprising also 
Useful Formulas, Tables and Receipts for Gold Plate, Clasps, Solders, &c. 
By Charles Hunter. Third Edition, revised, with additions . . , 3/ot 
" We can strongly recommend Mr. Hunter's treatise to all students preparing for the profession uf 
('entisty, as well as to every mechanical dentist."— Z?ft^/fM youmal of Medical Saence. 

270. WOOD ENGRA VING: A Practical and Easy Introduction 

to the Study of the Art. By W. N. Brown . . . {Just published. 1/6 

I3r The % indicates that these vols, may be had strongly bound at 6d. extra. 
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MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, ARCHE- 
OLOGY, the FINE ARTS, &»c. By John Weale. Sixth Edition. 
Edited by Robt. Hunt, F.R.S., Keeper of Mining Records, Editor of 

" U re's Dictionary." Numerous Illustrations S/<> 

*,* TAe above, strongly bound in cloth boards, price 6s, 
" The best small technological dictionary in the language.*'— i4nri«//rr/. 

" The absolute accuracy of a work of this character can only be judged of after extensive consaltation 
and from our examination it appears very correct and very complete." — Mitiimg- yournal. 

'* There is no need now to speak of the excellence of this work ; it received the approval of the com- 
munity long ago. Edited now by Mr. Robert Hunt, and published in a cheap, handy form, it will 
the utmost service as a book of reference scarcely to be exceeded in value."— i*r<7/f man. 

SO, THE LAW OF CONTRACTS FOR WORKS AND 

SERVICES, By David Gibbons. Third Edition, enlarged . . . 3/ot 
" A very compendious, full and intelligible digest of the working and results of the law, in regard to 
all kinds of contracts between parties standing in the relation of employer and employed.**.— ^viVorr. 

"This exhaustive manual is written in a clear, terse, and pleasant style, and is just the work for 
masters and servants alike to depend upon for constant reference." — Metropolitan. 

112. MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 

B.A., M.D. Intended as a Family Guide in all cases of Accident and Emer- 
gency. Third Ekiition, carefully revised 2/0 

" The author has, we think, performed a useful service by pladng at the disposal of those situated, 
by unavoidable circumstances, at a distance from medical aid, a reliable and sensible work in which pro- 
fen&ional knowledge and accuracy have been well seconded by the ability to express himself in ordinary 
untechuical language.*'— /'«^/rV Health. 

ii2.« MANAGEMENT OF HEALTH A Manual of Home 

and Personal Hygiene. By the Rev. James Baird, B.A i/o 

"The author gives sound instructions for the preservation of YieaXth^—Atherueum. 

" It is wonderfully reliable, it is written with excellent taste, and there is instruction crowded into 
every p»ge.'*-^£fi^li*h MeckaHtc. 

150. LOGIC, Pure and Applied. By S. H. Emmens. Third Edition 1/6 

" This admirable work should be a text 'book not only for schools, students and philosophers, for all 
bteraieurs and men of science, but for those concerned m the practical aSairs of Ufe, &c." — Tkt News, 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING, With Notes by S. H. Emmens . . 2/0 

1-4. GENERAL HINTS TO EMIGRANTS, Containing No- 

tices of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, &c.. Useful Recipes, Map of the World, &c. . . 2/0 

,57. THE EMIGRANT'S GUIDE TO NATAL. JBy Robert 

James Mann, F.R.A.S., F.M.S. Second Edition, revised. Map . . 9/0 

,Q3, HANDBOOK OF FIELD FORTIFICATION By Major 

W. W. Knollys, F.R.G.S. With 163 Woodcuts 3/0J 

"^well-timed and able contribution to our military literature. . . . The author supplies in a 
clear biisiness style, all the information likely to be practically xxstiwV— Climbers of L'oinmerce 
Chronicle, 

194. THE HOUSE MANAGER: Being a Guide to Housekeep- 

ng, Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Management, the Table and Dessert, Cellarage of Wines, Home-brewing and 
Wine-making, the Boudoir and Dressing-room, Travelling, Stable Economy, 
Gardening Operations, &c. By An Old Housekeeper .... 3/6J 
" We And here directions to be discovered in no other book, tending to save expense to the podcet , 
as well as labour to the head." — lohn Bull. 

"Quite an Encyclopaedia of domestic matters. We have been greatly pleased with the neatness 
and luadity of the explanatory detail:*."— C<7//;-/ Circular. 

194. ^ HOUSE BOOK{ The). Comprising: I. The House Manager. 
112. 1 By an Old Housekeeper. H. Domestic Medicine. ByRALPH Goodinq, 
& f M.D. HI. Management of Health. By James Baird. InOneVoL, 
xia*. ) strongly half-bound 6/0 

lisr" The \ indicates that these vols, may be had strongly hound at 6d. extra. 
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